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(54) Title: ACTIVATION OF REGULATORY T CELLS BY ALPHA-MELANOCYTE STIMULATING HORMONE 
(57) Abstract 

The invention encompasses a method of down-regulating a T cell-mediated immune response, through activation or T cell receptor 
(TCR) stimulation of antigen-primed T cells in the presence of alpha-melanocyte stimulating hormone (a-MSH), which may be optionally 
enhanced by adding transforming growth factor-02 (TGF-02) approximately 4-6 hours after the start of the primed T cells* exposure 
to a-MSH. Activation of the primed T cells may be mediated by presentation of the specific antigen to the primed T cells, or by 
an anti-TCR antibody or a T cell mitogen. As a result of the a-MSH treatment modulating the T cell activation, antigen-specific 
regulatory, CD4+/CD25+ T cells are generated that produce transforming growth factor-/? (TGF-0) and can non-specifically down-regulate 
Thl-mediated inflammatory activities. The method may be used to down-regulate or suppress an autoimmune condition or a graft rejection 
in a transplant patient The invention also encompasses a kit for generating regulatory T cell comprising a speciric antigen, a-MSH, and 
optionally, TGF-02 and/or a T cell culture medium. Also provided are gene therapy treatments for suppressing an autoimmune or graft 
rejection response, or for re-establishing autotolerance, by introducing genetic material (e.g. nucleic acid) for expressing a-MSH or a 
receptor-binding portion thereof, into a localized tissue site. 
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TITLE OF THE INVENTION 
ACTIVATION OF REGULATORY T CELLS BY 
ALPHA-MELANOCYTE STIMULATING HORMONE 



FIELD OF THE INVENTION 
The present invention relates to the regulation of 
T cell-mediated inflammation. 

BACKGROUND OF THE INVENTION 
The induction of a delayed type hypersensitivity 
(DTH) response is dependent on activation of IFN-y 
producing Thl cells (1). The activation not only requires* 
cognate antigen presenting cells, but also a 
microenvironment that favors activation and development 
of the DTH-mediating Thl cells. To regulate activation of 
a DTH response, several mechanisms are physiologically 
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employed, such as apoptosis and anergy (2) . In addition, 
soluble factors in the regional microenvironment of T 
cell activation can also influence the course of a T cell 
response (3) . The presence of specific cytokines can 
favor expression of specific effector responses while 
suppressing others (4-8). Previously we have found that 
in the presence of the neuropeptide a-melanocyte 
stimulating hormone (a-MSH) , antigen-activated Thl cells 
were suppressed in their IFN-y production but continued 
to proliferate, suggesting that a-MSH may regulate 
selective effector T cell activities (9) . 

The neuropeptide a-MSH is an evolutionarily 
conserved tridecapeptide derived from the endoproteolytic 
cleavage of adrenocorticotropic hormone (ACTH) which is 
in turn a post-translational product of pro- 
opiomelanocortin hormone (POMC) (10) . Initially, a-MSH 
was described as a pituitary hormone that mediates 
melanogenises in amphibians (11). In mammals, a-MSH is 
able to mediate melanogenises and neurotransmitter 
activities; however, a-MSH is most potent in functioning 
as a neuroimmunomodulator (12) . a-MSH suppresses 
inflammation mediated by host defense mechanisms of 
innate (endotoxin mediated) and of adaptive immunity (T 
cell mediated) . Its anti-inflammatory activity has 
suggested that a-MSH functions as a necessary 
physiological regulator of inflammation. 

One of the first indications of a link between the 
immune and nervous systems was in the induction of fever 
mediated by the systemic effects of IL-1, TNF or 
endotoxin (Reviewed in (12)). Intracerebroventricular 
(icv) injection of a-MSH suppresses endotoxin and 
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inflammatory cytokine induced fever. Peripheral 
injections of a-MSH, although at much higher 
concentrations then central injections, ' were also 
effective in suppressing fever. Injections of anti-a-MSH 
antibodies icv to neutralize CNS a-MSH activity enhanced 
IL-1 induced febrile response (13) . In addition, during 
acute phase responses a-MSH concentration in plasma and 
in discrete sites of the CNS are elevated (14, 15) . These 
findings demonstrate that a-MSH antagonizes . the CNS 
response to IL-1, TNF, and endotoxin to regulate the 
intensity of the febrile response. 

Localized peripheral inflammatory responses induced 
by IL-1, TNF, and endotoxin are also suppressed by a-MSH, ~ 
regardless if a-MSH is delivered via icv, intravascular, 
or direct injection to the site (16). Endotoxin and 
interferon (IFN)-y activated macrophages cultured with a- 
MSH are suppressed in generating nitric oxide and in 
producing TNF and chemokines (17, 18) . Also, a-MSH 
suppresses in vivo neutrophil migration in response to 
endotoxin (18, 19) . These findings further indicate that 
a-MSH antagonizes the activity of inflammatory cytokines 
and also their synthesis. In addition, a-MSH induces its 
own production and expression of its receptors on 
macrophages (17), suggesting that a-MSH can regulate an 
inflammatory response through autocrine mechanisms. 
Therefore, various inflammatory mediating events could 
trigger production of a-MSH that in turn regulates the., 
extent of the inflammatory response. Intravenous 
injection of a-MSH at the time of applying skin-reactive 
chemicals suppresses systemic induction and regional 
expression of contact hypersensitivity (20) leading to 
hapten-specific tolerance (21) . It has recently been 
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found that a-MSH at physiological concentrations induces 
IL-10 production by antigen presenting cells (22) . It is 
possible that a-MSH indirectly promotes tolerance to 
hapten by inducing IL-10 production by hapten-presenting 
5 APC. Therefore, a regulatory cytokine network initiated 
by a-MSH could suppress both induction and expression of 
contact hypersensitivity. However, such a regulatory 
network does not preclude the possibility that a-MSH can 
directly suppress or affect the responding T cells. That 
10 possibility is the focus of the present invention. 

Suppression of delayed type hypersensitivity (DTH) is 
mediated in part by a-MSH within the immune privileged 
ocular microenvironment (9, 23).. The .fluid filling the 
anterior chamber of mammalian eyes, aqueous humor, 

15 contains bioactive a-MSH (23) . When a-MSH activity was 

neutralized, aqueous humor was unable to suppress Thl 
activity by activated primed T cells in vitro (9). 
Cultures of Thl cells stimulated with antigen and antigen 
presenting cells are suppressed in their IFN-y production 

20 by a-MSH, while their proliferation is unaffected (9). 

This observation suggests that the signals needed by T 
cells for IFN-y production are inhibited by a-MSH, 
whereas the signals for proliferation are not suppressed. 
Since both the antigen presenting cells and T cells are 

25 affected by a-MSH, when only the primed Thl cells are 

pretreated with a-MSH, the production of IFN-y is 
profoundly suppressed. However, T cell proliferation 
again is unaffected (9) . Therefore, these results suggest 
that T cells are receptive to a-MSH, and are suppressed 

30 in mediating inflammatory activity when activated in the 

presence of a-MSH. The present invention results from 
characterizing the effects of a-MSH on TCR-stimulated 
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primed T cells, which has shown that the T cells are 
target cells for a-MSH regulation, and that its 
suppression of IFN-y production is due to a-MSH 
deflecting Thl cells away from their expected 
5 inflammatory response toward a suppressive response. 

Over the past 30 years, research into the mechanisms 
of ocular immune privilege has lead to the understanding 
that it is an active process mediated in part - by the 
constitutive production of immunosuppressive factors 

10 within the ocular microenvironment . A1 ~ A3 Immune privilege 

involves mechanisms that suppress induction of an 
inflammatory immune response within the eye. As 
mentioned^ this suppression of the induction of immunity 
to antigen in the eye is mediated in part by 

15 immunosuppressive factors found in aqueous humor. A3 ~ A7 The 

constitutive expression of these immunosuppressive 
factors appears to regulate systemic and regional immune 
• responses to antigen within the ocular microenvironment. 

The activation, type, and intensity of an effector T 
20 cell response is not limited to antigen sensitivity 

alone, but also to local immunoregulatory mechanisms to 
which neurologically derived factors, such as a-MSH, can 
contribute. This regional regulation insures that the 
most effective immune defense is mounted in proportion 
25 with preserving the unique functionality of the affected 

tissue. As mentioned, an extreme example of regional 
immunity is the immune-privileged microenvironment of the 
ocular anterior chamber. B ^ Within this microenvironment, 
delayed type hypersensitivity-mediating T cells are 
30 suppressed. A9 This suppression is mediated by factors 

constitutively produced within the anterior chamber .B4-B8 
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Specific neuropeptides are present within the ocular 
microenvironment that help to maintain the immuno- 
suppression. A1 Changes in neuropeptide expression by 
neurons that innervate ocular tissues are associated with 
loss of immune privilege. 

The mediators of the immunosuppression in eyes are 
found in the aqueous humor, as first demonstrated by 
Kaiser et al., who suppressed various in .vitro T cell 
assays with normal aqueous humor, and by Streilein and 
Cousins, who showed that when T cells primed for Thl 
activity were pretreated with aqueous humor, they failed 
to mediate the expected inflammatory response in a local 
adoptive , transfer of DTH assay in skin. A2 ' A3 More 
recently, it has been reported that primed T cells 
activated in the presence of aqueous humor were deflected 
from an expected Thl response to a Th3 response/ 8 Such 
aqueous humor-induced T cells produced TGF-p, suggesting 
a Th3 phenotype, and suppressed IFN-y production by 
other, Thl type cells. However, it was not shown, prior 
to the present work, whether these aqueous humor-induced 
regulatory T cells can suppress DTH. 

Several factors in aqueous humor have the potential 
to influence effector T cell activities. A1 Of the many 
factors in aqueous humor, the present experiments examine 
the ability of two factors, alpha-melanocyte stimulating 
hormone (a-MSH) and transforming growth factor-^2 (TGF- 
P2), to induce regulatory T cells. A8 " A11 In the presence- 
of a-MSH, activated primed T cells proliferate but are 
suppressed in their IFN-y production. A1 ° This effect of 
a-MSH, which is independent of IL-4, has suggested that 
a-MSH mediates differential responses in T cells to TCR- 
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stimulation. Recently it has been found that TGF-p 
mediates its own production by T cells A11 . These past 
findings failed to show whether or not these 
immunosuppressive factors could have a role in the 
5 apparent induction of regulatory T cells by aqueous 

humor*. The findings presented here definitively show 
that a-MSH alone, or a-MSH in conjunction with TGF-P2, 
mediate (s) induction of TGF-p-producing, regulatory T 
cells that suppress DTH and may be Th3 cells. In 

10 addition to the direct immunosuppressive effects of these 

aqueous humor factors, the regulatory T cells they induce 
may also contribute to the normal immunosuppressive 
microenvironment of the eye by the cells' TGF-p 
production and suppression of Thl cell activity. The 

15 results here suggest that within the normal ocular 

microenvironment, there is a potential for Th3 cell 
induction that supports the immunosuppressive micro- 
environment of the eye and that possibly mediates 
peripheral tolerance to ocular autoantigens . 

20 More specifically, a-MSH, which occurs in aqueous 

humor, has recently been found to suppress IFN-y 
production by, but not proliferation by, activated 

effector T cells. B11 This suggests that a-MSH may 
regulate regional induction of specific effector T cell 
25 responses. The thirteen-amino acid long a-MSH (1.6 kDa 

MW) is encoded within the pro-opiomelanocortin hormone 
(POMC) gene, and is released from the POMC protein 

through two endoproteolytic cleavage steps. B12 ' B13 It 
has a fundamental role in modulating innate host defense 
30 mechanisms in mammals, which contrasts to its original 

description as an amphibian melanin-inducing 
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factor. 514 ' B15 Systemic and central injections of a-MSH 
suppress innate inflammatory responses induced by 
endotoxin, IL-1 and TNF (as opposed to adaptive, T cell- 
mediated immunity) . Thus, a-MSH suppresses macrophage- 
reactive oxygen intermediates and nitric oxide 
generation, as well as production of inflammatory 
cytokines. B16-B21 i n addition, a-MSH induces its own 
production and receptor expression on the macrophages 
promoting autocrine suppression of inflammatory- 
macrophage activities. Also, a-MSH suppresses macrophage 
and neutrophil chemotactic responses to chemokines and 

microbial chemoattractants . B *9' Macrophages, 
kerat inocytes , - centrally derived "neurons , and possibly— 
any cell that can synthesize POMC, are sources of a- 
MSH.B21, B23, B24 Normal mammalian aqueous humor (the 
fluid filling the ocular anterior chamber) constitutively 

expresses, on average, 30 pg/ml of a-MSH. 67 

Much is known about various immunomodulatory effects 
of a-MSH and of aqueous humor, which contains not only a- 
MSH but also TGF-P2 and many other factors. However, 
prior to the present work, much remained unknown about 
the role of a-MSH and TGF-02 in regulating T -cell 
mediated inflammation through T cell networks. 

BRIEF SUMMARY OF THE INVENTION 
The present work shows that a-MSH mediates the 
induction of TGF-p-producing, CD4+/CD25+, regulatory T< 
cells that suppress the activation of other, effector T 
cells. Thus, a-MSH suppresses T cell-mediated inflamma- 
tion and mediates selective production of T cell lympho- 
kines, • TGF-02 enhances a-MSH mediated induction of 
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regulatory T cells while TGF-pl suppresses that 
induction. 

The present invention relates to the discovery that 
treatment of primed T cells (also called memory or armed 
T cells) with certain immunomodulating factors, either 
alpha-Melanocyte Stimulating Hormone (a-MSH) alone or in 
conjunction with Transforming Growth Factor-p2 (TGF-(52), 
activates regulatory . T cells that express both the T 
helper marker, CD4, and the T cell activation marker, 
CD25, and produce TGF-p (suggesting a Th3 phenotype) . 
These regulatory T cells suppress activation of other 
inflammation-mediating T cells (primarily of the Thl 

type) . Such a-M SH treatment has induced in vitro 

activation of regulatory T cells specific to a particular 
antigen, e.g., an ocular autoantigen. These a-MSH- 
induced regulatory T cells were injected into mice at the 
same time that they were being immunized to induce 
experimental autoimmune uveitis (EAU) , or when the mice 
were about to have symptoms of EAU. In both cases, EAU 
in those mice was suppressed - the mice showed no 
symptoms of autoimmune disease. 

Therefore, the present .invention provides a 
treatment for any autoimmune disorder or disease. Either 
a-MSH alone or a combination of a-MSH and TGF-02 may be 
used, under certain conditions, to generate regulatory 
T cells against any autoantigen implicated in an 
autoimmune disease. Induction of antigen-specific 

regulatory T cells by a-MSH may also be used to prevent 
transplant graft rejection. Since- the regulatory T cells 
activated by a-MSH are antigen-specific, they can also be 
generated against transplant antigens that are targeted 
by the immune system during transplant rejection. 
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Regulation of T cell activity is needed for 
maintaining tolerance to autoantigens. One of the 
regulatory mechanisms is mediated by factors produced by 
cells within a localized tissue microenvironment . One of 
these regulating factors is the neuropeptide, cc- 
melanocyte stimulating hormone (a-MSH) , which suppresses 
immunogenic inflammation. Thl cells are suppressed from 
mediating inflammation when they are activated in the 
presence of a-MSH. Although there is proliferation, a- 
MSH suppresses IFN-y production and possibly the 
secretion of IL-4 by T cell receptor (TCR) -stimulated, 
primed T cells. Such a-MSH treated T cells produce 
enhanced levels of TGF-02. These TGF- P2 -producing 
cells have Th3 cells characteristics and suppress. IFN-y 
production by other activated Thl cells. Therefore, o- 
MSH suppression of Thl cell activity is a result of a-MSH 
deviating the Thl response into a regulatory T response, 
i.e., a Th3 response. The presence of a-MSH enhanced 
tyrosine phosphorylation of CD3£ chains, but not of CD3e 
chains. Hence, a-MSH appears to mediate immune deviation 
through induction of differential TCR-associated signals 
in T cells. The ability of a-MSH to mediate induction of 
regulatory Th3 cells implies that this neuropeptide has 
an important systemic and regional role in mediating and 
maintaining peripheral tolerance, especially in such 
tissues as the eye and the brain, which contain 
constitutive levels of a-MSH. 

Even though the regulatory T cells are activated by 
a-MSH in an antigen-specific manner, their action is non- 
specific and general to the site of their activation. 
That is, a regulatory T cell is activated by the presence 
of a specific antigen to which that T cell has been 



WO 00/42856 



PCT/US00/01608 



- 11 - 

primed, and by the presence of a-MSH, but once activated, 
it releases factors that are immunosuppressive generally, 
i.e., factors that suppress the inflammatory activities 
of other, effector T cells, primarily Thl cells. 

Therefore, the immunosuppressive or immunoregulatory 
method of the invention does not require generating 
regulatory T cells to all the tissue antigens involved in 
the autoimmune disorder or the transplantation being 
regulated. The regulatory T cell induction procedure can 
be standardized to a specific antigen that is injected 
into the autoimmune-diseased site or transplant site. 
Any accessible tissue site that may suffer from damaging 
immune responses, can be treated according to the methods 
of the invention, without having to know the exact 
antigen triggering the immune response causing the 
disease or graft rejection. In many cases of autoimmune 
disease, there is no clear characterization of the 
targeted autoantigen. 

Thus, the present invention also provides a kit for 
culturing and treating T cells (e.g., harvested from 
peripheral blood) with a-MSH in the presence of a 
specific antigen and antigen presenting cells. After 
incubation, the a-MSH-treated T cells can be collected 
and injected back into the patient. The kit comprises a- 
MSH, • a specific, target antigen, and an article of 
manufacture comprising instructions for how to use the a- 
MSH and target antigen to generate regulatory T cells. 
Optionally, the kit may also include T cell culture media- 
conducive to generation of the CD4+/CD25+, TGF-p- 
producing T cells of the invention. TGF-32 can also be 
included in the kit. The target antigen can be an 
autoantigen, so as to generate a regulatory T cell that 
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specifically recognizes the autoantigen and re- 
establishes tolerance to that antigen. Alternatively, 
the target can be a 'surrogate 1 antigen, which would 
still generate regulatory T cells of the invention that 
are effective for down-regulating an autoimmune response 
or a host-versus-graft response, in that the regulatory T 
cells would still produce TGF-p and other cytokines 
necessary to down-regulate a T cell-mediated inflammatory 
response. Preferably, at least two samples of the target 
antigen should be included in the kit, one sample for 
adding to the T cell cultures in which regulatory T cells 
are to be generated/ and one sample for injection into 
the diseased tissue site of the patient or the 
transplantation site of the graft recipient. 

The invention also encompasses a gene therapy 
protocol for treating autoimmune disease. Tissue cells 
are transfected with genetic material that gives them the 
ability to produce and secrete a-MSH. Depending on the 
method of cellular transf ection, the ability of the cells 
to produce a-MSH can be made to be short-term and 
temporary, or long-term and permanent. Temporary a-MSH- 
producing ability would result from "episomal 
transf ection", whereas the long-term approach integrates 
the transfecting material into the cell's chromosome (s) . 

The episomal transfection approach is preferred, as 
it carries a very low, nearly improbable, risk of 
transformation of the transfected cells into cancer 
cells. The transfecting materials could be applied' 
directly to the eye as a mixture of lipids and genetic 
material, and would enter into the ocular tissues and 
into the of the anterior chamber and retina. If the 
plasmid is properly constructed, the transfected cells 
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become a source of a-MSH. In this way, the 

immunoregulatory activity of a-MSH can be established in 
a localized tissue microenvironment at a level that will: 
(1) down-regulate or suppress T cell-mediated 
5 inflammation, and (2) induce regulatory activity by 

primed T cells (e.g., Th3 cells) being activated at the 
tissue site. Turning on or increasing a-MSH production 
within an eye suffering from autoimmune uveitis, would 
suppress the inflammation of the uveitis and re-establish 
10 the eye's immune privilege. Also, the ability of 

episomally transfected cells to make a-MSH would taper 

Ull ill illUC/ cao cclio iciiu uxouaiu cpx^^maj. ycuwti^ 

matter. a-MSH-induced regulatory T cells show some 
evidence of being stable and relatively long-lived. 

15 Therefore, there would appear to be little need for 

continuous treatment (i.e., repeated episomal 
transfection with genetic material for expressing a-MSH) . 
The frequency of such treatment would, however depend on 
the conditions that produced the autoimmune disease in 

20 the first place. 

The invention also provides gene therapy involving 
a-MSH for use in transplantation. A graft is treated 
with the transfecting material prior to implantation. A 
graft transfected with and producing a-MSH may be used to 

25 mediate activation of regulatory T cells primed to 

transplantation antigens. Such an application of the 
present invention could eliminate the need for tissue- 
typing to determine graft donor and recipient- 
compatibility. Graft transfection with a-MSH genetic 

30 material would also allow the use of organs from any 

otherwise suitable donor, not only individuals having 
compatible major histocompatibility complex (MHC) 
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antigens. In the transplantation setting, a more lasting 
treatment may be needed (i.e., chromosomal transfection 
with an a-MSH gene), since most transplanted tissues are 
not naturally immune-privileged like the eye. 

The experimental results presented herein, 
demonstrate that a population of T cells expressing on 
their surface the cell surface proteins CD4 and CD25, 
expand when activated in the presence of a-MSH. Such CD4* 
/ CD25 + T cells are known to be regulatory in activity, 
and thus seem to be the regulatory T cells induced* by a- 
MSH in the method of the present invention. This 
observation suggests that a loss m perirphs-ra-l blood 
CD4/CD25-positive cells, in response to presented 
autoantigen, could indicate a patient's susceptibility to 
a specific autoimmune disease. Therefore, the level of 
CD4/CD25-positive T cells in peripheral blood could serve 
as a prognostic indicator for an individual's, 
susceptibility to autoimmune disease or relative risk of 
rejecting a transplant, and could also be used to asses 
the effectiveness of a-MSH treatment in that individual. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a bar graph of primed T cell 
proliferation, as measured by H 3 -thymidine uptake (CPM) , 
in response to T cell receptor stimulation (anti-CD3) in 
the presence of various concentrations of a-MSH (pg/ml) ; 

Figure 2 is a bar graph showing the extent of IFN-y 
production by primed T cells TCR-stimulated in the 
presence of a-MSH; 

Figure 3 presents the results of flow cytometric 
analysis of intracellular IFN-y and IL-4 production by 
primed T cells TCR-stimulated in the presence of a-MSH; 
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Figure 4 is a bar graph of TGF-p production (pg/ml) 
by primed T cells TCR-stimulated in the presence of 
various concentrations of a-MSH (pg/ml) ; 

Figure 5 is a bar graph showing production of IFN-y 
by primed T cells in response to TCR stimulation alone or 
in the presence of a-MSH; 

Figure 6 is a bar graph similar to Figure 5, but 
shows the long-term effect of a-MSH treatment on the TCR- 
stimulated primed T cells (IFN-y production in response 
to TCR re-stimulation on day 5 after a-MSH treatment); 

Figures 7A and 7B show the results of SDS-PAGE 
analysis of primed T cell lysates after incubation under 
various co nditi ons: _ with or without a-MSH and with or 
without TCR stimulation, followed by immunoblotting with 
anti-phosphotyrosine antibody; 

Figure 8 depicts a bar chart showing DTH response 
in mice as measured by ear swelling, i.e., change in ear 
thickness (jim) , as a function of the type of T cells 
administered, including whether or not the mice were 
injected with activated OVA-primed T cells treated with 
aqueous humor ("Regulatory T cells; AqH/OVA" ) ; 

Figure 9 is a graph plotting percent proliferation 
of T cells in response to varying concentrations of TGF- 
pi or TGF-P2, with or without a-MSH; 

Figure 10 is a graph potting percent proliferation 
as a function of the time at which either TGF-pi or • TGF- 
p2 was added (Hours TGF-p Added) , after TCR-stimulation 
in the presence of a-MSH; 

Figure 11 is a bar chart showing total TGF-p 
production in cells treated with a-MSH and either TGF-pi 
or TGF-P2, as a function of the time at which the TGF-p 
was added; 
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Figure 12 shows the percent suppression in IFN-y in 
activated effector T cells. TGF-3 and a-MSH induce 
regulatory T cell activity; 

Figure 13 depicts a bar chart showing DTH response 
5 in mice as measured by ear swelling, i.e., change in ear 

thickness (ym) , as a function of the type(s) of T cells 
administered, including whether or not the mice were 
injected with activated, OVA-primed T cells treated with 
a-MSH and TGF-02 ("Regulatory T cells; a-MSH / TGF - 
10 P2 OVA") ; 

Figure 14 shows the mean uveitis score in a-MSH- 
treated and untreated mice afflicted with experimental 
- autoimmune uveitis (EAU) . _____ ________ 

15 DETAILED DESCRIPTION OF THE INVENTION 

Regulation of T cell activity is needed for 
maintaining tolerance to autoantigens . One of the 
regulatory mechanisms is mediated by factors produced by 
cells within a tissue microenvironment . One of these 

20 regulating factors is the neuropeptide, a-melanocyte 

stimulating hormone (a-MSH) , which is shown by the work 
herein to suppress immunogenic inflammation. As 
demonstrated in Example I, Thl cells are suppressed from 
mediating inflammation when they are activated in the 

25 presence of a-MSH. Although there is T cell 

proliferation, a-MSH suppresses IFN-y production and 
possibly the secretion of IL-4 by T cell receptor (TCR) - 
stimulated, primed T cells. Such a-MSH treated T cells 
produce enhanced levels of TGF-p. These TGF-p-producing 

30 T cells are characteristic of Th3 cells, and suppress 

IFN-y production by other, activated Thl cells. 
Therefore, it is showon here that a-MSH suppression of 
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Thl cell activity results from a-MSH apparently deviating 
the Thl response into a Th3-like response. a-MSH 
enhances tyrosine phosphorylation of CD3£ chains but not 
of CD3e chains. This phenomenon suggests that a-MSH 
5 could mediate immune response deviation through induction 

of differential, TCR-asso'ciated signals in T cells. The 
ability of a-MSH to mediate induction of TGF-p-producing, 
regulatory T cells implies that this neuropeptide has an 
important systemic and regional role in mediating and 
10 maintaining peripheral tolerance, especially in tissues 

such as the eye and the brain where a-MSH is 
constitutively present. 

The ocular microenvironmerit is" an extreme example of 
regional immunity. ■ Within its microenvironment , 
15 expression of delayed type hypersensitivity (DTH) is 

suppressed. This immunosuppression is mediated in part by 
the constitutive expression of a-MSH in aqeuous humor. 
a-MSH has been found to suppress the production of IFN-y 
by activated effector T cells (Thl) . 

20 The experiments of Example II were undertaken to 

determine whether aqueous humor-induced regulatory T 
cells could function in vivo. These regulatory T cells 
were examined for their ability to suppress adoptive 
transfer of delayed-type hypersensitivity (DTH) . In 

25 addition, two aqueous humor factors, a-MSH and TGF-02, 

were examined for .their respective ability to induce 
regulatory T cells. 

Primed T cells were treated with aqueous humor, a- 
MSH, TGF-pl, or TGF-(S2 in Example II. These treated T 
30 cells were assayed for regulatory activity by injecting 
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them intravenously (i.v.) along with inflammatory Thl 
cells into syngeneic mice. Antigen-pulsed, antigen 
presenting cells (APC) were injected into the pinna of 
the mouse ear and swelling was measured 24 hours later. 
Primed T cells were also activated in vitro in the 
presence of a-MSH, TGF-pl or TGF-P2, and were assayed for 
proliferation and TGF-p production along with their 
ability to suppress DTH. 

The Example II results show that aqueous . humor- 
treated T cells suppressed DTH mediated by Thl cells. 
Maximum regulatory T cell activity was induced when 
primed T cells were activated in vitro in the presence of 
a-MSH, followed "approximately 4 hours later with-addition 
of active TGF-p2. Such T cells proliferated and produced 
TGF-p, suggesting that a-MSH and TGF-p2 induced 
activation of Th3 cells. No regulatory T cell activity 
could be induced in the presence of TGF-pi (alone or in 
the presence of a-MSH). Therefore, not only do a-MSH and 
TGF-p2 have direct immunosuppressive effects. 
Additionally, through the constitutive production of a- 
MSH and TGF-P2, the ocular microenvironment can mediate 
induction of regulatory T, possibly Th3, cells that can 
contribute further to the immunosuppressive 
microenvironment and immune privilege of the eye, through 
their production of TGF-p and by their ability to 
suppress activation of Thl cells. Such a mechanism of 
immunosuppression may mediate the peripheral tolerance to 
ocular antigens that is needed to prevent induction of 
ocular autoimmune diseases. 

In light of the finding, in Example I, that a-MSH 
can mediate induction of TGF-p-producing, regulatory T 
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cells, the experiments in Example III were conducted to 
examine a-MSH' s ability to suppress T cell-mediated 
inflammation (e.g., as in autoimmune disease) and to 
regulate lymphokine production by effector T cells. When 
a-MSH was injected intravenously (i.v.) into mice at the 
time of peak retinal inflammation, the severity of 
experimental autoimmune uveitis (EAU) was significantly 
suppressed. Effector T cells that were activated in 
vitro in the presence of a-MSH, proliferated and produced 
IL-4 as well as enhanced levels of TGF-p. However/ "their 
IFN-y and IL-10 production was suppressed. The a-MSH- 
treated T cells functioned as regulatory T cells by 
suppressing in vitro IFN-y production by other 
inflammatory T cells. This regulatory activity was the 
function of a-MSH-treated, CD4 + CD25 + T cells. Therefore, 
a-MSH mediates immunosuppression by inducing a 
differential expression of lymphokine production and by 
inducing activation of regulatory functions in T cells. 
This implies that a-MSH may take part in regional 
mechanisms of immunosuppression and possibly peripheral 
tolerance. Thus, a-MSH can be used to suppress 
autoimmune disease" and possibly to re-establish tolerance 
to autoantigens. 

The invention is described further by way of the 
following, non-limiting examples. % 

MATERIAL AND METHODS 

Antibodies and Cytokines. For TCR-stimulation, 
anti-CD3c antibody 145-2C11 f rom_Pharmingen (San Diego, 
CA) was used at a concentration that stimulated maximum 
proliferation and IFN-y production by the primed Thl 
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cells (see below) . In the sandwich ELISAs, capture 
antibody BVD4-1D11 and biotinylated-detection antibody 
BVD6-24G2 were used for the IL-4 assay; and the IFN-y 
assay used capture antibody R4-6A2 and biotinylated- 
5 detection antibody XMG1.1, all from Pharmingen. 

Recombinant mouse lymphokines IL-4 (R&D Systems, 
Minneapolis, MN) and IFN-y (Genzyme, Cambridge, MA) were 
used for standards in the sandwich ELISAs. For flow 
cytometry, Pharmingen' s PE-conjugated anti-CD4 antibody 

10 and FITC-conjugated antibodies BVD4-1D11 (anti-IL-4) and 

XMG1.1 (anti-IFN-y) were used. Synthesized a-MSH was 
from Peninsula Laboratories (Belmont, CA) , and purified 
human TGF-02 was from R&D systems. In addition, Santa 
Cruz Biotechnologies (Santa Cruz, CA) anti-CD3( antibody 

15 and anti-CD3e antibody plus rabbit anti-hamster IgG 

antibody (Sigma) were used in immunoprecipitation and 
anti-phosphotyrosine antibody PY20 (ICN, Costa Mesa, CA) 
for immunoblotting . 

a-MSH treatment of in vivo primed T cells. In vivo primed 
20 T cells were obtained from BALB/c mice (institute 

breeding program) immunized via a cutaneous foot 
injection with 0.5 mg desiccated Mycobacterium 
tuberculosis (Difco, Detroit, MI) . From the draining 
popliteal lymph node, the T cells were enriched, 99% CD3 4 
25 by flow cytometry analysis, using a mouse T cell 

enrichment column (R&D Systems) . Into the wells of a 96 
well, round bottom plate (Corning, Corning, NY) were 
added 100 yl of T cells (4 x 10 6 cells/ml), 50 pi of a-MSH 
(30 pg/ml) and 50 yl of 2C11 antibody (1 yg/ml) in serum- 
30 free culture media. The cultures were incubated for 48 

hours and lymphokines in the culture supernatant were 
assayed using sandwich enzyme linked immunosorbent assays 
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(ELISA) specific for IFN-y and IL-4 and using the 
standard CCL-64 bioassay for TGF-0 . The serum-free 
culture media (23) was RPMI 1640, 1/75 dilution of 
sterile 7.5 % BSA solution (Sigma Chemical, St. Louis, 
5 MO) , 1/500 dilution of ITS+ solution (Collaborative 

Biomedical Products, Bedford, MA) . For assaying 
proliferation, the T cell cultures were initially 
incubated for 24 hours; then 20 pi of 50 pCi/ml of 3H- 
thymidine (NEM, Boston, MA) were added to the wells and 
10 the cultures were incubated for an additional 24 hours. 

The cells were collected onto filter paper using a Tomtec 

rxatc uai v t j uti ^ \j auu jlouiuiquci wao iiicaouicu ujXny a 

Wallac 1205 Betaplate Liquid Scintillation Counter. 



15 Sandwich Enzyme Linked Immunosorbent Assay. The wells of 

a 96-well flexible microtiter plate (Falcon, Oxnard, CA) 
were coated with 50 pi of 1 pg/ml capturing monoclonal 
antibody (anti-IFN-y or anti-IL-4) in 50 mM 

carbonate /bicarbonate buffer (pH 9.6) (Sigma Chemical). 

20 The plate was incubated overnight at 4°C and washed once 

with 10 mM phosphate buffer saline (PBS), 0.02% Tween-20 
(wash buffer) . The wells were blocked by washing the 
wells three times with 200 pi of Superblock (Pierce, 
Rockford, IL) . To the wells, 100 pi of condition media 

25 was added and the - plate was incubated 2 hours at room 
temperature. The wells were washed three times with wash 
buffer and into each well 100 pi of 1.0 pg/ml of- 
biotinylated-detecting monoclonal anti-IFN-y or anti-IL-4 
antibody was added. The plate was incubated for 1 hour 

30 and washed three times with wash buffer followed by the 

addition to each well 100 pi of 1 mg/ml strepavidin-p- 
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galacotsidase (Gibco/BRL, Gaithersburg, MD) . The plate 
was incubated for 30 minutes, washed 5 times with wash 
buffer, and 100 pi of 1 mg/ml of chlorophenylred-b-d- 
galactoside (CPRG: Calbiochem, San Diego, CA) in 0.05 M 
5 PBS with 1.5 mM MgC12 was added. Color was allowed to 

develop for 1-2 hours and the optical density of the 
converted CPRG was read on a Tecan SLR ELISA plate reader 
at a wavelength of 570nm. Using a standard curve created 
from the OD of wells on the same plate containing known 
10 concentrations of the lymphokine, the concentration of 

lymphokine in the assayed culture supernatants was 

_ _ 1 T - -3 



TGF-p bioassay. To measure total TGF-p, 100 pi of 

15 conditioned media was pretreated according to standard 

procedures (24) with 10 pi IN HCL to lower the media pH 
to 2 and incubated for 1 hour at 4°C. The acid was 
neutralized with 20 pi of a 1:1 mixture of IN NaOH: 1M 
HEPES returning the culture supernatant to a pH 7.3. The 

20 transiently acidified conditioned media was then used in 

the MvlLu assay; diluted 1:4 in EMEM + 0.5% FBS. To the 
wells of a Falcon 96-well flat-bottom plate, 100 pi of 
diluted transiently acidified samples were added with 100 
pi of 1 x 10 5 MvlLu cells (CCL-64; ATCC, Rockville, MD) . 

25 The plate was incubated for 20 hours at 37°C, 5% C0 2 

followed by the addition of 20 pi of 50 pCi/ml 3H- 
thymidine and the plate was incubated for an additional 4' 
hours. Supernatant was discarded and 50 pi of lOx 
Trypsin-EDTA (BioWhittaker , Walkersville, MD) solution 

30 was added to each well and the plate was incubated for 15 

minute at 37°C. The cells were collected onto filter paper 
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using a Tomtec Plate Harvester 96 and counts per minute 
(CPM) of incorporation 3H-thymidine was measured using a 
Wallac 1205 Betaplate Liquid Scintillation Counter. 
Cultures of known amounts of purified activated TGF-pi, 
20 ng/ml to 0.2 pg/ml (R&D Systems), were prepared in the 
same plate for calculating a standard curve to quantify 
the concentration of total TGF-p in the samples. 

Flow Cytometry. For immunostaining and flow cytometry, T 
cells (2 x 10 € cells) were obtained from 24 hour cultures 
of enriched primed T cells TCP. -stimulated in the presence 
of a-MSH as described above. The cells were centrifuged 
and washed once in" 400 pi of bref eldin/PBS buffer ( 10 mM 
PBS, 10 pg/ml brefeldin A) . The cells were resuspended in 
100 pi of PBS/brefeldin and 100 pi of 4% 
paraformaldehyde/PBS fixing buffer. The cells were 
incubate at room temperature for 20 minutes with gentle 
agitation and washed once with 200 pi of bref eldin/PBS, 
centrifuged, and resuspended in 50 pi of PBS/saponin (10 
mM PBS, 1% BSA, 0.1% Na Azide, 0.5% Saponin) and 
incubated 10 minutes at room temperature. To the cell 
suspensions 2 pg of FITC-conjugated anti-cytokine 
antibody (anti-IL-4 or -IFN-y) or FITC-isotype control 
was added. The cells were incubated for 30 minutes at 
room temperature, washed twice with PBS/saponin, and 
washed once with PBS/BSA buffer (10 mM PBS, 3% BSA). The 
cells were resuspended in 50 ml of PBS/BSA buffer 
containing 2 pg of PE-conjugated anti-CD4 antibody and 
incubated for 30 minutes room temperature. The cells were 
centrifuged, resuspended in 1 ml of PBS/BSA buffer, and 
strained through nylon mesh into a snap cap tube with an 
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additional 1 ml of PBS/BSA buffer washed through the 
mesh. The stained cells were analyzed by a Coulter Epics 
flow cytometer calibrated for two color fluorescence, and 
presented were the fluorescence of blast (proliferating) 
5 cells in two dimensions. 

Ixnmunoprecipitation and Immunoblotting . Enriched Thl 
cells (2 x 10 6 cells) in a 24-well Corning plate were TCR- 
stimulated with 2C11 in the presence of a-MSH (30 pg/ml) 
under serum-free conditions for 15 minutes. The T .cells 

10 were collected placed in a microcentrifuge tube and 

washed once with 10 mM Tris buffered saline (TBS) and 
lysed for 30 minutes in 100 pi of ice cold lysate buffer 
(10 mM TBS, 1% NP-40* 0.5% sodium deoxycholate, 0 . 1% SDS, 
100 pg/ml phenylmethylsulfonyl fluoride (PMSF) , 60 pg/ml 

15 Aprotinin, and 1 mM sodium orthovanadate) . The cells were 

passed through a 21 gauge needles three times, and an 
additional 2 pi of 10 mg/ml PMSF was added. The tubes 
were incubated for an additional 30 minutes on ice and 
were centrifuged for 20 minutes, 4°C, 13, 000 x g. The 

20 supernatant was collected and used as total cellular 

lysate. To the lysates were added 20 pg/ml of anti-CD3£ 
antibody, or anti-CD3e antibody plus rabbit anti-hamster 
IgG antibody (which was needed for the CD3er 
immunoprecipitation since much of the CD3c was bound by 

25 2C11 a hamster anti-mouse CD3e and hamster antibody 

weakly binds protein-G) , and incubated overnight at 4°C. 
Protein-G sepharose beads (Pharmacia, Piscataway, NJ) ■ 
were added to the antibody-containing lysates and 
incubated for 1 hour at room temperature with end-over- 

30 end agitation. The beads were centrifuged and washed 4 
times with 10 mM TBS containing 0.5% sodium deoxycholate. 
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After the final wash the beads were resuspended in 20 ul 
of distilled water and 20 yl non-reducing SDS Tris- 
glycine sample buffer (Novex, San Diego, CA) , boiled for 
5 minutes and applied into two wells (20 yl) of a 8-16% 
5 Tris-glycine polyacrylamide gel (Novex) . Following 

electrophoresis in a Novex Xcell II minicell and blot 
module, the proteins were transferred from the gel onto a 
nitrocellulose membrane (Novex) by electroblotting-. The 
membrane was blocked with 1% BSA in 0.01 M TBS for 1 hour 

10 room temperature. The blocked membrane was cut into two 

pieces. One piece was placed in a sealable bag containing 
5 ml of alkaline-phosphatase conjugated anti- 
phosphotyrosine antibody PY20 diluted 1/2000 in 1% BSA- 
TBS buffer. The other membrane piece was placed into a 

15 sealable bag containing 5 ml of anit-CD3£ or anti-CD3e 

antibody diluted 1/100 in 1% BSA-TBS buffer respective to 
the immunoprecipitation. Filters were incubated overnight 
at room temperature. The PY20 blotted membrane was washed 
3 times with wash buffer containing 1% BSA-TBS and 0.05% 

20 Tween-20 and incubated with alkaline phosphatase 

substrate NBT-BCIP (Sigma Chemical) until bands appeared. 
The membrane was washed with distilled water. The anti- 
CD3 protein blotted membranes were washed 3 times with 
1% BSA-TBS and placed into a new sealable bag containing 

25 5 ml of alkaline phosphatase conjugated anti-mouse IgG 

(Sigma Chemical) diluted 1/ 10,000 in 1% BSA-TBS buffer 
and incubated for 1 hour room temperature. The membranes ■ 
were washed 3 times with wash buffer and incubated with' 
substrate until bands appeared and washed. Membranes were 

30 then digitally photographed and analyzed using NIH Image 

software to integrating the band intensity to band area 
minus background. 
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Assay For In Vitro Regulatory T Cell Activity- The a-MSH- 
treated TCR-stimulated T cells, as described above, were 
cultured for 4 8 hours. The plate was spun down at 250 x g 
5 for 10 minutes and supernatant discarded. Freshly 

isolated, enriched in vivo primed Thl cells (4 x 10 6 
cells/ml) mixed with 2C11 (1 yg/ml) were added (200 ul) 
to the wells of the a-MSH pre-treated, TCR-stimulated T 
cells and incubated for 48 hours. The culture supernatant 

10 was assayed for IFN-y by sandwich ELISA. For long term 

cultures, primed T cells were TCR-stimulated in the 
presence of a-MSH for 48 hours. The plate was centrifuged 
and supernatant —was— exchanged for 200 yxi - of— 2C11 • ( 1 
jig /ml) in fresh media, no a-MSH. The cultures were 

15 incubated for 72 hours and the conditioned media was 

again exchanged for fresh media and 2C11 antibody. The 
cultures were incubated for an additional 48 hours, 
centrifuged, supernatant discarded, and added' were fresh 
in vivo primed Thl cells and 2C11 antibody. These 

20 cultures were incubated for 4 8 hours and the culture 

supernatant was assayed for IFN-y by sandwich ELISA. 

EXAMPLE I RESULTS 

25 a-MSH Has No Effect On TCR- Stimulated T Cell 

Proliferation . 

Since a-MSH was previously found to suppress IFN-y 

production by antigen-stimulated Thl cells (9), we 
investigated whether a-MSH suppresses all TCR-associated 
30 activities or only IFN-y production. Additionally, a- 

MSH has been shown to have the potential to affect both 
antigen presenting cells (APC) and T cells. This 
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observation made it uncertain as to whether the T cells 
could be a direct target of a-MSH immunosuppressive 
activity. To eliminate the influence of a-MSH on APC 
activation of T cells, APC were removed by enriching for 
5 CD3 + T cells from lymph nodes primed to M. tuberculosis . 

Also, the T cells were stimulated with anti-CD3e 
antibody, 2C11, at a concentration that stimulated the T 
cells to maximally proliferate and produce IFN~y> a 
maximized in vitro Thl cell response. To examine the 

10 possibility that our previously observed a-MSH 
suppression of INF-y production was due to a-MSH 
suppression of Thl celi activation, the enriched primed 
T cells were TCR-stimulated in the presence of a-MSH and 
proliferation was assayed. We found that a-MSH had no 

15 effect on TCR-stimulated Thl cell proliferation (Figure 

1) . Therefore, a-MSH has no effect on the TCR-associated 
signals mediating proliferation. 

Figure 1, depicts the proliferation of primed T 
cell (H 3 -thymidine uptake (CPM) ) , in response to T cell 

20 receptor stimulation (anti-CD3) in the presence of 

various concentrations of a-MSH (pg/ml) . T cells from a 
draining lymph node of a BALB/c" mouse immunized 7 days 
previously with M. tuberculosis were enriched and 
incubated (4 x 10 5 cells) in serum-free media with anti- 

25 CD3e (2C11) in the presence of declining concentrations 

of a-MSH for 24 hours. To the cultures was added 0.50 
pCi of 3 H-thymidine and they were incubated for an 
additional 24 hours. The cells were collected and 
counted by scintillation for incorporated radiolabel. 

30 The Fig. 1 results are presented as CPM ± SEM of eight 

independent experiments . 
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a-MSH Suppresses IFN-y production and IL-4 secretion by 
TCR- stimulated Primed T cells. 

Since TCR-stimulated proliferation was not affected 
5 by a-MSH, it is possible that a-MSH affects selective 

TCR-associated activities. We assayed the culture 
supernatant of the . enriched primed Thl cells TCR- 
stimulated in the presence of a-MSH for INF-y and IL-4. 
IFN-y production was suppressed when the primed T -cells 
10 were TCR-stimulated in the presence of physiological- 

concentrations of a-MSH, as shown in Figure 2. 

Figure 2 is a bar graph showing the extent of IFN-y 
production by primed T cells TCR-stimulated in the 
presence of a-MSH. Primed T cells were obtained, 

15 enriched and cultured as in Figure 1 and incubated for 48 

hours. The culture supernatants were assayed for IFN-y by 
sandwich ELISA. The results are presented as pg/ml ± SEM 
of eight independent experiments. In all assayed 
concentrations of a-MSH, levels of IFN-y in the culture 

20 supernatant were significantly ( p = 0.05) suppressed in 

comparison to the levels of IFN-y in the cultures of 
enriched primed T cells TCR-stimulated in the absence of 
a-MSH. 

Also assayed was IL-4, since its production is 
25 considered an indication of Th2 cell activity countering 

Thl IFN-y production. We could not find any IL-4 in the 
supernatants of any TCR-stimulated T cell cultures (data 
not shown) . 

To further examine a-MSH suppression of IFN-y 
30 production by T cells, the frequency of IFN-y producing T 
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cells activated in the presence of a-MSH was assayed by 
flow cytometry. The a-MSH treated TCR-stimulated T cells 
were stained for surface-expressed CD4 and for 
intracellular IFN-y protein. The frequency of IFN-y 
positive cells substantially shifted toward lower levels 
of intracellular IFN-y staining in CD4 + T cells activated 
in the presence of a-MSH, as shown in Figure 3. Figure 3 
presents the results of flow cytometric analysis of 
intracellular IFN-y and IL-4 production by primed T cells 
TCR-stimulated in the presence of a-MSH. Primed T "cells 
were obtained and enriched as in Figure 1. The enriched 

1 Cci id \t. w -L O CCiX'O ) AC1C in^UJJaucu wa.u*i ui* j-ii 

the presence of a-MSH (30 pg/ml) for 24 hours. 
Unstimulated, enriched T cells were cultured in media 
alone (- anti-CD3)V The T cells were fixed with 
paraformaldehyde, permeabilized with saponin and stained 
for intracellular IFN-y or IL-4 with PE-conjugated 
antibodies in saponin buffer. The surface of the cells 
were stained with FITC-conjugated anti-CD4 . The stained 
cells were analyzed by two-color flow cytometry gating on 
the blastogenic, proliferating T cells. Quadrant lines 
were placed to separate CD4 + and CD4~ cells vertically and 
PE-conjugated isotype .control on the horizontal. The 
cell density was equilibrated among the histograms. The 
histograms are all from one experiment representing 
similar results of four independent experiments. Percent 
of analyzed cell population is given for each quadrant in 
the lower right-hand of each histogram. The presence of 
IFN-y stained T cells was limited to only the CD4 4 T 
cells. Therefore, the decrease in IFN-y detected in the 
culture supernatants was due to a decrease in the 
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frequency of IFN-y-synthesizing T cells stimulated in the 
presence of a-MSH. 

Even though no IL-4 was detected in the culture 
supernatant by ELISA, there was a shift to higher levels 
5 of IL-4 staining in the CD4 + T cells stimulated in the 

presence of a-MSH (Figure 3). Thus, the primed T cells 
activated in the presence of a-MSH expressed 
intracellular IL-4, but no IL-4 was detected in the 
culture supernatants . This observation suggests that a- 

10 MSH may promote induction of IL-4 protein synthesis, but 

that IL-4 secretion may be suppressed within at least 
the time span of these experiments (4-8 hours) . 

_ Therefore, primed Thl cells TCR-stimulated in the 
presence of a-MSH are suppressed in their IFN-y 

15 production and are not fully deviated to a Th2 cell 

response. 

a-MSH Enhances Production of TGF-p by Primed T cells. 

The oral tolerance models have suggested that TGF-p 
20 producing T cells have an important role in regulating 

and suppressing autoimmunity (25-29) . It has been 
suggested that they be considered a third type of T 
cells, to contrast their suppressive activity with the 
immune functions of Thl and Th2 cells. Since the primed T 
25 cells TCR-stimulated in the presence of a-MSH did not 

produce or release the prototypical lymphokines for Thl 
(IFN-y) and Th2 (IL-4) cells, experiments were conducted 
to determine whether the a-MSH treated primed T cells 
could produce the Th3-associated lymphokine, TGF-p (30) . 
30 The enriched primed T cells were TCR-stimulated in the 

presence of a-MSH as before, and the culture supernatants 
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were assayed for total TGF-fJ using the TGF-p bioassay 
(Figure 4 ) . 

Figure 4 is a bar graph of TGF-p production by 
primed T cells TCR-stimulated in the presence of a-MSH. 
5 Primed T cells were obtained, enriched and cultured as in 

Figure 1 under serum free conditions. After 48 hours of 
incubation the culture supernatant was collected and all 
TGF-p in the supernatant was activated by transiently 
acidified with IN HC1 neutralized by a 1:1 mixture of 1M 

10 HEPES: 1M NaOH. The transiently acidified supernatant was 

assayed for TGF-p using the standard mink lung 
endothelial cell bxcassay. The results represented as 
TGF-p pg/ml ± SEM of eight independent experiments. 
Significance (p = 0.05) was determined by Student's t- 

15 test between TGF-p concentrations in cultures of 

activated a-MSH treated T cells and T cells activated in 
the absence of a-MSH. 

Thus, TGF-p production was significantly enhanced in 
cultures of a-MSH-treated, TCR-stimulated primed T cells. 

20 Therefore, when in vivo, primed Thl cells that are TCR- 

stimulated in the presence of a-MSH produce TGF-p, 
possibly IL-4, but not the expected IFN-y. Such T cells 
are generally considered to be Th3 cells. 

25 a-MSH Mediates Induction Of Regulatory T Cells. 

If a-MSH is mediating induction of Th3 cell 
function, then these a-MSH treated T cells should .be 
regulatory in activity. The T cells were TCR-stimulated 
in the presence of a-MSH as before, incubated, and then 
30 mixed with fresh TCR-stimulated primed Thl cells. The 

amount of IFN-y produced in cultures of activated primed 
Thl cells was suppressed by 60% percent when the a-MSH 
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treated T cells were mixed into the cultures, as shown in 
Figure 5. 

Figure 5 shows the effect on primed T cell 
production of IFN-Y/ of TCR stimulation alone or in the 
5 presence of a-MSH. a-MSH induces regulatory activity in 

TCR-stimulated primed T cells. Primed T cells (4 x 10 5 
cells) were enriched and activated with anti-CD3 in the 
presence (a-MSH + anti-CD3) or absence (+ anti-CD3) of a- 
MSH (30 pg/ml) . After 48 hours of incubation the cells 

10 were mixed with freshly enriched primed Thl cells (4 x 

10 5 cells) and anti-CD3 antibody and cultured for 48 
hours. The culture supernatant was assayed for IFN-y by 
sandwich ELISA. Results are presented as IFN-y pg/ml ± 
SEM of eight independent experiments. Concentration of 

15 IFN-y in cultures containing T cells activated in the 

presence of a-MSH was significantly suppressed (p = 
0.05) in comparison to cultures where none of the T 
cells had seen a-MSH. 

In addition, T cells initial TCR-stimulated in the 
20 presence of a-MSH and subsequently restimulated twice 

(Day 2 and Day 5) with anti-TCR antibody in the absence 
of a-MSH, still suppressed IFN-y production by freshly 
activated primed Thl cells (Figure 6) . 

Figure 6 shows that a-MSH induces long term 
25 regulatory activity in TCR-stimulated primed T cells. 

Primed T cells (4 x 10 5 cells) were enriched and activated 
with anti-CD3 antibody in the presence of 30 pg/ml a-MSH 
(a-MSH + anti-CD3) or absence of a-MSH (+ anti-CD3). . 
After 4 8 hours of incubation the cells were centrifuged 
30 and resuspended in fresh media with anti-CD3 antibodies 

and incubated for 72 hours (day 5) . The cells were again 
washed and re-stimulated with anti-CD3 and incubated for 
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an additional 48 hours (day 7) . After the final 
incubation the treated T cells (4 x 10 5 cells) were mixed 
with freshly enriched primed Thl cells (4 x 10 5 cells) and 
anti-CD3 antibody and cultured for 48 hours. The culture 
supernatant was assayed for IFN-y by sandwich ELISA. 
Results are presented as IFN-y pg/ml ± SEM of eight 
independent experiments. Concentration of IFN-y in 
cultures containing T cells initially activated in the 
presence of a-MSH was significantly (p = 0.05) suppressed 
in comparison to cultures where none of the T cells had 
seen a-MSH. This observation suggests that a-MSH induces 
a permanent and stable regulatory function in the T 
cells. Therefore, a-MSH mediates induction of 
functionally active, regulatory Th3 cells. 

a-MSH Enhances CD3{ Chain Phosphorylation In Activated 
Primed T-Cells . 

Since the induction of lymphokine production is 
linked to TCR-stimulation, there is a possibility that 
intracellular signals, emanating from the a-MSH-engaged 
melanocortin receptor, influence the tyrosine 
phosphorylation of CD3 molecules of the TCR. Such an 
influence could induce differential TCR-dependent 
responses (31, 32) . To demonstrate that a-MSH affects T 
cell response to TCR-stimulation, lysates of primed T 
cells TCR-stimulated in the presence of a-MSH were 
immunoprecipitated with either antibodies against CD3£ or 
CD3e chains, electrophoresed, and immunoblotted for 
phosphotyrosine . 

The results are shown in Figures 7A-B, and 
demonstrate the tyrosine phosphorylation of CD3e and CD3£ 
in primed T cells TCR-stimulated in the presence of a- 
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MSH. The enriched primed T cells (2 x 10 6 cells) were 
incubated with anti-CD3 in the presence of a-MSH (30 
pg/ml) for 15 minutes. Unstimulated enriched T cells were 
cultured in media alone. The cells were washed and lysed. 
5 The lysates were immunoprecipitated with either anti-CD3£ 

antibodies (A) or anti-CD3e antibodies (B) . The 
immunoprecipitates were analyzed by non-reducing SDS-PAGE 
(on a 8 - 16% gradient gel), followed by transfer to a 
nitrocellulose filter and immunoblotting with anti- 

10 phosphotyrosine antibody: (1) Unstimulated primed T cells 

treated with a-MSH; (2) Unstimulated primed T cells 
incubated in media alone; (3) Enriched primed T cells 

j;CR"Stim ulat ed in the absence of^ a-MSH; (4) Enriched 

primed T cells TCR-stimulated in the presence of a-MSH. 

15 The CD3< dimers were detected at 42 kDa (CD3£-£) and the 

CD3e heterodimers were detected at 55 kDa (CD3e 
heterodimers) by a simultaneous immunoblot of 
unstimulated T cell lysates run on the same gel using the 
anti-CD3£ or anti-CD3E antibodies in the 

20 immunoprecipitation and immunoblot procedures. The 

relative intensities of the bands minus background, in 
lane order, for CD3£ are 4, 1, 10, 67; and for CD3c are 
1, 1, 10, 10. The immunoblots are representative of 
three independent experiments. 

25 The primed T cells, TCR-stimulated in the presence 

of a-MSH (Th3), had a 6.7-fold increase in CD3( tyrosine 
phosphorylation than the primed T cells stimulated in the 
absence of a-MSH (Thl cells, Figure 7A) . In addition, a- 
MSH stimulated tyrosine phosphorylation of CD3£ dimers by 

30 4 fold in unstimulated primed T cells (Figure 7A) . The 

presence of a-MSH had no effect on the level of tyrosine 
phosphorylation of CD3c chains of TCR-stimulated and 
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unstimulated primed T cells (Figure 7B) . Therefore, it is 
possible that the induction of Th3 cells by a-MSH is due 
to a-MSH mediating a TCR-associated signal that is 
independent of TCR engagement. The results also further 
indicate that in vivo primed Thl cells are receptive to 
a-MSH, resulting in their deviation into Th3 cells. 

DISCUSSION OF EXAMPLE I 

While the neuropeptide a-MSH suppresses Thl cell 
responses, it induces regulatory activity in the same 
activated primed T cell population. Primed Thl cells 
activated in the presence of a-MSH are suppressed in 
their expected production _of IFN-y and now produce TGF-p 
and possibly IL-4 indicating that the a-MSH has mediated 
a deviation of the activated Thl cells into Th3 cells. 
Such T cells continue to proliferate and now function as 
immunoregulating T cells. It appears that a-MSH mediates 
some of its regulatory activity in T cells through 
differential tyrosine phosphorylation signals emanating 
from engaged T cell receptor proteins. The results here 
imply an important physiological role for a-MSH in 
regulating peripheral T cell activity. This role of a- 
MSH is important especially in tissues such as the brain 
and the eye where a-MSH is constitutively present. 

The results show that a-MSH induces specific 
lymphokine production by the activated primed Th cells. 
Moreover, the results demonstrate that a-MSH can 
influence the functional developmental of primed Th 
cells. Such an observation falls more in line with the 
understanding that the functional differentiation of Th 
cells is mediated by their activation in the presence of 
specific cytokines, such as IL-12 for Thl and IL-4 for 
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Th2 development (29) . Previously, a-MSH has been shown 
to act in a manner similar to IL-4, by suppressing 
induction of IFN-y by TCR-stimulated Thl cells (9). 
However, the present results indicate that the influence 
of a-MSH on Th cell functionality is not an IL-4-like 
mediated deviation to Th2, but an induction of a Th3 
response. It has recently been found that induction of 
Th3 cells can be mediated by IL-4 along' with the 
neutralization or absence of IL-12 (33) . Therefore, the 
induction of a Th3 response could be mediated by a-MSH, 
acting on the Th cells as an IL-4-like agonist and as an 

The potential f or^a-MSH^to signal in lymphocytes in 
a manner similar to interleukins and other cytokines, 
has recently been found in B cells. There, a-MSH, 
through its melanocortin receptor (MC)-5, a G-protein 
associated receptor, activates the JAK1/STAT1 and STAT 2 
signal pathways (34). In this manner, a-MSH may act on T 
cells like other cytokines (i.e. IL-4) in regulating T 
cell development and differentiation into Th3 cells. It 
is not yet known which of the five melanocortin 
receptors are expressed on T cells and whether all the 
a-MSH receptors have a similar ability to activate 
JAK/STAT signal pathways (35) . For intracellular 
signaling, the present results indicate that the a-MSH 
receptor must somehow interact with the TCR, leading to 
enhanced tyrosine phosphorylation of CD3( chains. The 
threshold of T ceil activation is in relationship to the 
extent of phosphorylation of immune receptor, tyrosine- 
based, activation motifs (ITAM) on the TCR-CD3 proteins 
(31, 36). The extent by which the ITAMs are 
phosphorylated influences initiation of the differential 
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signaling pathways emanating from TCR engagement (32, 
36) . The enhanced levels of CD3£ chain tyrosine 
phosphorylation suggests that part of the effects of a- 
MSH on T cells, is through a signaling pathway of the 
5 TCR. It is possible that induction of regulatory Th cell 

activity by a-MSH is mediated through enhanced CD3( 
chain phosphorylation along with an a-MSH cytokine-like 
signal in the activated primed Th cells. 

The result of activating in vivo primed Thl cells in 
10 the presence of a-MSH is the induction of functional 

regulatory T cells. These T cells have been deviated by 
a-MSH away from their preset Thl response (IFN-y 
production! . This deviation med-iated= by - a-MSH may =be an 
important function of a-MSH in tissues where there is a 
15 constitutive presence of a-MSH such" as the eye and brain. 

The presence of bioactive a-MSH would promote the 
suppression of Thl cells, including autoreactive T cells. 
Such a-MSH-mediated immunosuppression has been found in 
the immune privileged microenvironment of the eye (3, 
20 23) . Whether a-MSH is an important factor in modulating T 

cell activity in other immune privileged tissues is to be 
seen; however, there is evidence that a-MSH may be an 
important regulator of T cell functions in the brain 
(37) . 

25 The most dramatic characteristic of a-MSH treated, 

primed T cells is their production cf TGF-p. The 
activation of such T cells would elevate TGF-fJ 
concentration within a localized tissue microenvironment. 
The elevated TGF-p concentration could influence the 

30 course of immune, inflammatory and wound-healing 

responses (38-44). The level of a-MSH activity in a 
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tissue site could directly and indirectly, through TGF-(3- 
producing T cells, regulate the induction, intensity, 
duration and resolution of an immune-mediated 
inflammatory response (38, 40) . Therefore, by elevating 
the concentration of a-MSH in a tissue site enduring a 
DTH response, a-MSH would suppress the inflammation in 
part by repressing IFN-y production by Thl cells, and by 
inducing TGF-p production by Th3 cells. 

a-MSH is does not merely suppress Thl cell activity 
and inflammation. It also is potentially a mediator of T 
cell differentiation into Th3 cells (30). Also, like Th3 
cells, the a-MSH-treated T cells suppress the 
inflammatory activity— of other activated Thl cells^ 
Therefore, if such regulatory T cells are generated to a 
specific antigen there is the potential to induce 
antigen-specific tolerance. Since the a-MSH-rich fluid of 
the eye can induce induction of Th3 cells (45), it is 
possible that a-MSH mediates tolerance " to ocular 
autoantigens through the induction of Th3 cells within 
the ocular microenvironment . It has already been 
demonstrated that a systemic elevation of a-MSH, through 
an i.v. injection, at the time of immunization, can 
induce antigen-specific tolerance (21). Therefore, since 
in the presence of a-MSH, activation of Thl cells steers 
their development into CD4+/CD25+, Tgf-p-producing T 
cells (i.e., Th3 cells) that suppress the inflammatory 
activity of other activated Thl cells, antigen-specific 
immunosuppression observed in the presence of a-MSH could 
very well be perceived as tolerance. 

The immunosuppressive activity of a-MSH described 
here, suggests that if a tissue can be induced to secrete 
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or-MSH, there would not only be prevention of an 
inflammatory response, but also the potential to induce 
immune tolerance to antigens within the tissue, through 
induction of antigen-specific Th3 cells. Therefore 
localized a-MSH treatment (12) into tissue and organ 
grafts may induce tolerance to the transplanted tissue 
antigens. It is also possible that if a-MSH is delivered 
into sites of autoimmune disease, there would be, along 
with suppression of inflammation, restoration of 
tolerance to the autoantigens through a-MSH-induced 
autoantigen-specif ic Th3 cells. This evolutionarily 
conserved neuropeptide, a-MSH, demonstrates a connection 
between the nervous and immune systems that can be 
exploited therapeutically to regulate antigen-specific 
immune responses. 

EXAMPLE II 
MATERIAL AND METHODS 

Mice. 

BIO. A and BALB/c mice (6-8 weeks old) were obtained 
from Jackson Laboratories (Bar Harbor, ME) . Animals were 
treated in accordance with the ARVO Statement for the 
Use of Animals in Ophthalmic and Vision Research and the 
USA Federal Animal Welfare Act. 

Antigens . 

Ovalbumin (OVA; Sigma Chemical, St. Louis, MO);, 
desiccated Mycobacterium tuberculosis (MT-Ag; Difco, 
Detroit, MI) were used to immunize the mice. 
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Aqueous Humor. 

Aqueous humor (AqH) was obtained from New Zealand 
White rabbits (Pine Acres Rabbitry, West Brattleboro, VT) 
5 with no observed ocular and systemic disease. Aqueous 

humor was passively drained from the ocular anterior 
chamber by paracentesis through a 27 gage perfusion set 
(Fisher Scientific, Pittsburgh, PA) that ended in a 
siliconized microcentrifuge tube (Fisher Scientific) . 
10 Collected aqueous humor was used immediately in the 

assays. 

T Cell Lines Specific for OVA. 

BIO. A mice were immunized with lmg/ml OVA in 

15 complete Freund's adjuvant {Difco, Detroit, MI). After 

7days, popliteal lymph nodes were collected and T cells 
were isolated using a mouse CD3 enrichment column (R&D 
systems, Minneapolis, MN) . T cells were cultured with 
irradiated (2000R) spleen cells (5xl0 6 cells / well) 

20 from syngeneic B10. A mice in the presence of OVA 

(300pg/ml) for 7 days. The T cells were seeded at 2xl0 6 
cells / well in a 24 well plate (Corning, Corning, NY) 
with completed Dulbecco f s minimal essential medium 
(Biowhitter, Walkerville, Maryland) supplemented with 

25 10% fetal bovine serum (Hyclone, Logan, Utah), O.OSmM 2- 

mercaptoethanol (Gibco/BRL, Grand Island, NY), 25mM 
HEPES (Biowhitter), 50yg/ml Gentamycin (Sigma Chemical)/ 
5pg/ml L-Asparagine (Gibco/BRL) , 5yg/ml L-Arginine 
(Gibco/BRL) . The T cells were collected and restimulated 

30 with OVA and syngeneic irradiated spleen cells in the 

culture media containing 80 U/ml mouse recombinant IL-2 
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(R&D systems, Minneapolis, MN) and 4000 U/ml mouse 
recombinant IFN-y (R&D systems) . The T . cells were 
restimulated with OVA once every 2 to 3 weeks in the 
presence of syngeneic spleen cells. Cultures of 
developing T cells were determined to be Thl cells when 
the T cells produced only IFN-y with no detectable IL-4 
production when stimulated by OVA presenting APC in the 
absence of exogenous growth factors (IL-2, IFN-y) and 
mediated inflammation in a standard adoptive transfer of 
DTH assay. 

Sandwich Enzyme Linked Immunosorbent Assay (ELISA) . 

. The— wells of a ^-9 6 -we 11 flexible, microtiter. plate 
(Falcon, Oxnard, . CA) were coated with capturing 
monoclonal antibody (anti-IFN-y; Pharmingen, San Diego, 
CA) to the cytokine being assayed. The . plate was 
incubated overnight at 4°C and was washed with a 
solution of phosphate buffer saline, 0.02% Tween-20 and 
1%BSA (wash buffer) and blocked with PBS plus 1% BSA 
(PBS-BSA). The plate was incubated for 1 hour room 
temperature and washed. Samples were added to the wells 
and the plate was incubated for 3 hours at room 
temperature. The plate was washed 3 times and into each 
well 100 ul of 1.0 vig/ml of biotinylated-detecting 
monoclonal anti-IFN-y antibody (Pharmingen) was added. 
The plate was incubated for 1 hour and washed 3 times. 
Strepavidin-p-galactosidase (Gibco/BRL) , 100 ul, was 
added to the wells and the plate was incubated for 30 
min and washed 5 times. The substrate chlorophenyl-red- 
p-D-galactoside (CPRG: Calbiochem, San Diego, CA) was 
added to the wells and color was allowed to develop for 
30 min. The optical density of the converted CPRG was 
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read on a standard ELISA plate reader at a wavelength of 
570nm. The INF-y concentration of the standard samples 
were plotted against their OD to create a standard 
curve. Using this standard curve, the concentration of 
INF-y in the assayed culture supernatant was determined 
from the OD of the test well and sample dilution factor. 

Adoptive transfer and Delayed-type hypersensitivity 
(DTH) . 

T cells from the draining lymph nodes of BIO. A mice 
immunized 7 days previously with either OVA were 
isolated using a CD3 enrichment column (R&D Systems) . 
The enriched primed T. ..cells (.4 x 10 5 cells) were, added 
to cultures containing aqueous humor (50% diluted in 
culture media) and antigen pulsed APC. The antigen 
pulsed APC were adherent spleen cells (1 x 10 6 cells) 
from syngeneic naive mice pulsed overnight with antigen 
(OVA or MT-Ag) and washed with media before adding T 
cells and aqueous humor. The cultures were incubated for 
24 hours at 37°C, 5*% C02. In some experiments instead 
of aqueous humor, the T cells were added to cultures 
containing the antigen pulsed APC and 30 pg/ml a-MSH . 
After a 4 hour incubation, TGF-p (5 ng/ml) was added and 
the cultures were incubated for the remaining 20 hours. 
The cells were collected and assayed for regulatory 
activtiy in the adoptive transfer of delayed type 
hypersensitivity. The culture media was serum-free 
containing RPMI 1640, 1 mg/ml BSA, 1/500 dilution of 
ITS+ solution (Collaborative Biomedical Products, 
Bedford, MA) . 
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T cells (2 x 10 5 cells) from the inflammatory OVA T 
cell line cultures were injected along with aqueous 
humor or a-MSH and TGF-p treated T cells (2x 10 5 cells) 
into the tail veins of syngeneic (BIO. A) mice in a 
volume of 200 pi. Within one hour antigen pulsed 
syngeneic APC (1 x 10 5 cells) were injected into the 
right ear pinna of the mouse and ear swelling was 
measured with a micrometer (Mitsutoyo, Japan) at 24 and 
4 8 hours. Maximum ear swelling occurred at 24 hours and 
these data are presented as the mean ± SEM of the 
difference between ear thickness of the APC injected ear 
and the opposite ear injected with PBS alone, minus 
their respective original ear thickness. Significance 
was determined by Student's t test of p = 0.05. 

Primed T Cell In Vitro Assays . 

From draining lymph nodes of BALB/c mice immunized 
7 days previously with MT-Ag, primed T cells were 
isolated using CD3 enrichment columns (R&D Systems) . T- 
cells (4 x 10 5 cells) suspended in serum-free media were 
added to the wells of a 96 well, round bottom plate 
(Corning) . To the wells were added a-MSH (30 pg/ml) and 
anti-TCR antibody (2C11; 1 \xg/ml) diluted in serum-free 
culture media. Various concentrations of TGF-pl or TGF- 
(32 in media were added. In a second set of experiments 
TGF-pi or TGF-P2 at a fixed concentration of 5 ng/ml 
were added to the wells at various times (0, 2,4 and. 6 
hours) after addition of anti-TCR antibody. The cultures 
were incubated for 24 hours and 0.5 pCi of 3H-thymidine 
(NEM, Boston, MA) was added to the wells and the 
cultures were incubated for an additional 24 hours. The 
cells were collected and incorporated radiolabeled was 
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measured by scintillation counting. Production of TGF-p 
by the treated primed T cells was done by centrifuging 
the culture plates 24 hours after the addition of anti- 
TCR antibody, removing the supernatant, washing the 
5 cultures once and adding fresh media. The cultures were 

incubated for an additional 24 hours and the culture 
supernatant was assayed for TGF-p using the standard 
CCL-64 bioassay for TGF-p activity as we have previously 
described. 8 

10 

Assay For Regulatory T Cell Activities In Vitro. 

T cells from peripheral lymph nodes were enriched 
and - cultured as described above except . the T cells were - 
treated with a-MSH (30 pg/ml) and anti-TCR. After four 

15 hours of incubation TGF-pi or TGF-P2 at 5 ng/ml was 

added and the cultures were incubated for an additional 
44 hours. The plate was spun down at 250 x g for 10 
minutes and all of the supernatant was removed' and cells 
were washed once with media. Freshly isolated primed T 

20 cells (4 x 10 5 cells) were added to all of the wells 

along with anti-TCR (1 pg/ml) and the cultures were 
incubated for 48 hours. The culture supernatant was 
assayed for IFN-y by sandwich ELISA. 

25 EXAMPLE II RESULTS 

Aqueous Humor Treated Primed T Cells Suppress DTH. 

Previously we have demonstrated that primed T cells 
activated in the presence of aqueous humor, suppress in 

8 

vitro IFN-y produced by other Thl cells . This 
30 suggested that these aqueous humor-treated primed T 
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cells should also suppress in vitro induction of DTH 
mediated by Thl cells. To examine this possibility, 
aqueous humor-treated T cells, primed to OVA, were 
injected i.v. along with OVA-reactive Thl cells. The 
5 aqueous humor-treated T cells significantly suppressed 

the inflammation mediated by the Thl cells to OVA-pulsed 
APC that were injected into the* -pinna of the mouse ear 
(Figure 8). Therefore, the regulatory T cells induced 
by aqueous humor suppressed the in vivo induction of DTH 
10 by other Thl cells. 

Figure 8 is a bar chart showing DTH response in 
mice as measured by ear swelling, i.e., change in ear 
thick nes s (pm) , as a. function of the type of T cells 
administered, including whether or not the mice were 

15 injected with activated OVA-primed T cells treated with 

aqueous humor ("Regulatory T cells; AqH/OVA"). Aqueous 
humor-treated T cells suppress DTH mediated by other Thl 
cells. Activated OVA-primed T cells treated with 
aqueous humor (Regulatory T cells; AqH/OVA) were 

20 injected i.v. with DTH mediating T cells (Responder T 

cells; OVA) . OVA-pulsed APC were injected into the ear 
pinna and ear swelling was measured 24 hours later. The 
data represent two experiments with similar results and 
are presented as the percent difference (see methods) in 

25 ear thickness ± SEM (n =5) (P = 0.05). 

Factors Of Aqueous Humor Regulate TCR- Stimulated 
Proliferation Of Primed T Cells. 

Aqueous humor contains constitutive levels of TGF- 
30 (J2 and a-MSH 5 ' 7 ' 9 ' 12 . To examine the effects of TGF-02 in 

the presence of a-MSH on TCR-stimulated T cell 
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proliferation, primed T cells were TCR-stimulated in the 
presence of a-MSH and active TGF-pl or TGF-p2. 
Regardless of the presence of a-MSH, increasing 
concentrations of either TGF-pi and TGF-02 suppressed T 
cell proliferation (Figure 9) . It is interesting to find' 
that low concentrations TGF-pl had either no effect or 
enhanced T cell proliferation (Figure 9) . 

Figure 9 is a graph plotting percent proliferation 
of T cells in response to varying concentrations of TGF- 
pi or TGF-p2, with or without a-MSH. There are 
concentration-dependent effects of TGF-pi and TGF-P2 on 
in vitro T cell proliferation in the presence of a-MSH. 
—Primed T cells were TCR-stimulated - in -the presence or 
absence of 30 pg/ml of a-MSH with either TGF-pi or TGF- 
P2 (0.005 - 5.0 ng/ml) . Proliferation was measured as 
counts per minute (CPM) of incorporated 3 H-thymidine 
approximately 48 hours after TCR-stimulation. Data are 
presented as percent proliferation ± SEM of eight 
independent experiments. Percent CPM was calculated as 
the CPM of sample divided by the CPM of untreated TCR- 
stimulated primed T cells, (100% proliferation), minus 
background. 

Since only active TGF-p2 can be added to the 
cultures, it is possible that the proliferative activity 
observed when the T cells are activated in the presence 
of whole aqueous humor, occurs because the T cells are 
influenced in time by increasing levels of latent TGF-P2. 
being activated in the cultures. This can be simulated by 
adding active TGF-P2 at various times after TCR- 
stimulation in the presence of a-MSH. Primed T cells were 
TCR-stimulated in the presence of a-MSH and, at various 
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times afterwards with active TGF-fil or TGF-fJ2. Here not 
only was it important whether a-MSH was present, but 
there was also a difference between the effects of TGF-pi 
and TGF-02, as seen in Figure 10. 

Figure 10 plots the percentage proliferation as a 
function of the time at which either TGF-pi or TGF-(J2 
was added (Hours TGF-p Added), after TCR-stimulation in 
the presence of a-MSH. There is a time-dependent effect 
of TGF-pi and TGF-(J2 on in vitro T cell proliferation in 
the presence of a-MSH. Primed T cells were TCR- 
stimulated in the presence or absence of 30 pg/ml a-MSH 
with TGF-pi or TGF-p2 (5.0 ng/mi) added at different 
times after TCR-stimulation. Proliferation was measured 
as counts per minute (CPM) of incorporated 3H-thymidine 
48 hours after TCR-stimulation. Data is presented as 
percent proliferation ± SEM of eight independent 
experiments as explained in Figure 2. MSH and TGF-P2 
treated T cells significantly differed (p = 0.05) from 
TGF-32 only treated T cells. 

Both TGF-pl and TGF-P2 added from the start of TCR- 
stimulation through 6 hours later, suppressed T cell 
proliferation. However, if a-MSH was present, 

proliferation was recovered only with the addition of 
TGF-p2 at or later than 4 hours after TCR-stimulation 
(Figure 10). Therefore, it is possible that in aqueous 
humor, the presence of a-MSH antagonizes the anti- 
proliferative activity mediated by activated TGF-p2. 
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TGF-02 Enhances TGF-p Production By Primed T Cells 
Activated In The Presence Of ct-MSH . 

Another characteristic of primed T cells activated 
in the presence of aqueous humor is that they produce 
5 TGF-p. AB Figure 11 shows total TGF-p production in cells 

treated with a-MSH and either TGF-pi or TGF-p2, as a 
function of the time at which the TGF-p was added. There 
is a time-dependent effect of TGF-pl and TGF-P2 on TGF-p 
production by T cells activated in the presence of a-MSH. 
10 Primed T cells were TCR- stimulated in the presence of 

30 pg/ml a-MSH, with 5.0 ng/ml of TGF-pi or TGF-p2 added 
at different times after TCR-stimulation. Culture 

supernatants were, assayed for total TGF-P levels, 48 

hours after TCR-stimulation. Data are presented as TGF-p 
15 (ng/ml) ± SEM, from eight independent experiments. 

TGF-p production was significantly different in 
primed T cell cultures, where TGF-pi or TGF-P2 was added, 
from cultures where no TGF-p of any type was added 
(p = 0.05) . 

20 The primed T cells TCR-stimulated in the presence 

of a-MSH produced enhanced levels of TGF-p (Figure 11) . 
Addition of TGF-pl at various times after TCR- 
stimulation did not change the level of a-MSH-induced 
TGF-p production (Figure 11) . However, the addition of 

25 TGF-P2 at various times after TCR-stimulation did 

enhance a-MSH-induced TGF-p production by the primed T 
cells (Figure 11) . Therefore, the aqueous humor factors 
a-MSH and TGF-p2 mediate induction of TGF-p-producing T 
cells, which are potential regulatory T cells. 
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The Aqueous Humor Factors ct-MSH And TGF-02 Mediate 
Induction Of Regulatory T Cells. 

Since TGF-(32, when added about 4 hours after TCR- 
stimulation in the presence of a-MSH, can enhance TGF-p 
production by the treated T cells, it is possible that 
a-MSH and TGF-02 induce activation of regulatory T 
cells. If regulatory T cells are activated, they should 
suppress IFN-y production by other Thl cells. 

Figure 12 shows the percent suppression in IFN-y 
production in activated effector T cells. TGF-p and a- 
MSH induce regulatory T cell activity. Primed T cells 
were TCR-stimiilated in the ^presence or absence of -30 
pg/ml a-MSH with TGF-pi or TGF-02 (5.0 ng/ml) added 4 
hours after TCR-stimulation. The treated T cells 
(Regulatory T cells) were added to cultures of freshly 
activated primed T cells. Culture supernatants were 
assayed for IFN-y 48 hours after addition of treated T 
cells. Data are presented as percent suppression ± SEM of 
IFN-y produced by freshly activated T cells with no added 
regulatory cells, from eight independent experiments. 

•Primed T cells TCR-stimulated in the presence of a- 
MSH and then with TGF-[S2 4 hours later, suppressed IFN-y 
production by other Thl cells when the treated primed T 
cells and Thl cells were mixed into the same culture 
(Figure 12). Individually, a-MSH, more than TGF-02, 
induced regulatory T cell activity, but the addition of 
TGF-(32 enhanced the regulatory activity (Figure 12) . In 
contrast, TGF-^1 could not alone or with a-MSH induce 
regulatory T cells. Moreover, it appears that TGF-pi 
antagonized a-MSH-mediated induction of regulatory T 
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cells (Figure 12) . The induction of regulatory T cells 
by a-MSH with TGF-P2 corresponds with the recovered 
proliferation and enhanced levels of TGF-p production by 
the treated T cells, as seen in Figures 10 and 11. 

5 To demonstrate that these factor-induced regulatory 

T cells could, like aqueous humor-induced regulatory T 
cells, suppress DTH, primed T cells treated with a-MSH 
and TGF-P2 were injected i.v. with OVA antigen-primed Thl 
cells. The results are shown in Figure 13, a bar chart 

10 showing DTH response in mice as measured by ear swelling, 

i.e., change in ear thickness (pm) , as a function of the 
type(s) of T cells administered, including whether or not 
the mice were injected with activated, QVA-primed T cells 
treated with a-MSH and TGF-P2 ("Regulatory T cells; a-MSH 

15 / TGF - P2 OVA"). a-MSH/TGF-p2-treated T cells suppress 

DTH mediated by other, responder T cells (Thl) . 
Activated OVA-primed T cells treated with a-MSH and TGF- 
|J2 (Regulatory T cells; a-MSH/TGF-p2 OVA) were injected 
i.v. with DTH-mediating T cells (Responder T cells; OVA). 

20 • OVA-pulsed APC were injected into the ear pinna and ear 
swelling was measured 24 hours later. The data is 
representative of two experiments with similar result's 
and is presented as the percent difference in ear 
thickness ± SEM (n = 5) . P = 0.05. 

25 Figure 13 shows that a-MSH - and TGF-p2 - treated, 

primed T cells suppressed the DTH mediated by the Thl 
cells in the pinna of mouse ears injected with OVA 
pulsed APC. Therefore, a-MSH in conjunction with TGF-p2 
mediated activation of functional regulatory T cells, 

30 generally known as Th3 cells. 
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DISCUSSION OF EXAMPLE II 

Aqueous humor and its immunosuppressive factors a- 
MSH and TGF-(J2 mediated induction of Th3 cells. These 

Th3 cells proliferated and produced TGF-p. The 

induced Th3 cells suppressed Thl cells from mediating 
DTH. Our results suggest that the ocular 
microenvironment has the potential to locally divert 
primed T cells that are programmed to have a Thl 
response, into a Th3 response when activated. The 
results are also the first report that specific 
physiologically relevant factors can mediate induction 
of Th3 cells. The ability for the ocular 
microenvironment and for a-MSH— and TGF-{J2 to mediate 
induction of Th3 cells has implications on the manner by 
which an immune response is elicited and regulated in 
the eye. 

TGF-p-producing T cells have been described in the 
oral tolerance models of experimental autoimmune uveitis 
(EAU) and encephalomyelitis (EAE) A13 ' A14 . in the oral 
tolerance models, low doses of orally administered 
autoantigens induce, through the gut associated lymphoid 
tissues, (GALT) activation of TGF-p-producing T cells 
that actively suppress autoimmune disease A15 . These 
regulatory T cells, also known as Th3 cells, suppress 
the activity of other disease mediating T cells through 
their secretion of anti-mf lammatory mediators 
Such activity results in tolerance to the autoantigen,< 
defined by reduced inflammation at sites of autoantigen- 
mediated disease. It is possible that the ocular 
microenvironment, through its constitutive production of 
a-MSH and TGF-(S2, mediates induction of Th3 cells as a 
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potential mechanism to mediate the peripheral tolerance 
to ocular antigens AI6 ' A17 . 

The results indicate that a-MSH is sufficient for 
induction of regulatory T cells. However, aqueous humor 
also contains TGF-p2. TGF-02 itself can also induce 
activation of regulatory T cells; however, T cell 
proliferation is relatively suppressed. When TGF-P2 was 
added to the cultures 4 hours after primed T cells were 
TCR-stimulated in the presence of a-MSH, there was 
significant proliferation of, and TGF-p production by, 
the T cells. Since our primed T cells, when activated, 
normally function as Thl cells, the results suggest that 

_ a-MSH diverts their Thl programming into. Th3, which 

diversion is enhanced by TGF-p2. Also, this change 
requires time to develop within the TCR-stimulated T 
cells . 

In addition, the effects of TGF~pi and TGF-(52 are 
different. Regulatory T cell induction does not occur in 
the presence of TGF-pl. It appears that TGF-pi clearly 
suppresses a-MSH induction of regulatory T cell 
activity. TGF-pi could be considered under the 
experimental conditions to be immunosuppressive, while 
TGF-p2 is immunomodulating. The only possible means that 
could mediate a differential response to TGF-pl and TGF- 
P2 would be through the different receptor requirements 
for binding the two TGF-p isoforms and the different 
affinities for TGF-pl and TGF-P2 by the type II receptor 
18 ' 19 . Therefore, changes in TGF-p receptor signals, 
possibly influenced by a-MSH, may mediate the different 
responses seen by activated primed T cells treated with 
either TGF-pi or TGF-p2 in the presence of a-MSH. 



WO 00/42856 



PCT/USOO/01608 



- 53 - 

The finding that TGF-(J2 but not TGF-JJ1 could induce 
activation of regulatory T cells, is in line with the 
finding that it is TGF-p2 protein found in aqueous humor 
A2, as, hi # u nc i er uveitic conditions where the blood-ocular 
barrier is compromised, entry of TGF-pi from plasma into 
the aqueous humor could antagonize a-MSH and TGF-p2 
induction of regulatory T cells. This could promote 
activation, and if active TGF-(J1 is at a low 
concentration, enhance proliferation of activated 
uveitis-mediating T cells. Recently it has been' found 
that IL-4 and TGF-p can mediate development of TGF-p- 
producing T cells from a population of naive T cells A11 . 
Previously we have shown that the effects of a-MSH on 
primed T cells is similar to the effects of IL-4 on 
primed T cell activation A1 °. Therefore, it is possible 
that we are observing a similar cytokine-mediated 
mechanism by aqueous humor in the induction of 
regulatory T cells with a-MSH inducing IL-4-like signals 
followed by the effects of TGF-p2 in the T cells. This 
would be similar to primed/memory T cells entering the 
ocular microenvironment, being influenced immediately by 
a-MSH and then, in time, encountering cells producing 
and activating TGF-P2. 

The results here demonstrate that aqueous humor and 
therefore the ocular microenvironment, possibly through 
a-MSH and TGF-P2, goes beyond suppressing activation of 
Thl cells. A2 ' A20 Aqueous humor also promotes activation 
of Th3 cells. Therefore, only specific types of 
immunological responses are activated within the normal 
ocular microenvironment. The induction of regulatory, 
Th3 cells could reinforce the immunosuppressive ocular 
microenvironment of the eye by their contribution of 
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immunosuppressive lymphokines and by their suppression 
of Thl cell activity. The potential for activating 
autoreactive Th3 cells suggests that their presence in 
vivo could prevent or eliminate clonal expansion and 
activation of disease-mediating autoimmune Thl cells. 

The ability for the ocular microenvironment to 
produce constitutive levels of immunosuppressive 
cytokines that also mediate induction of Th3 cells' is an 
example of how a regional tissue site can manipulate, 
mold, and coerce an immune response that is tailored for 
the needs of the tissue. The eye's use of cytokines to 
regulate the immune response allows for examining the 
possibility whether these .specific immunoregulating 
factors are neutralized, antagonized, or no longer 
produced in eyes that are susceptible to or suffering 
from autoimmune uveitis. It may even be possible to use 
the same factors to systemically and locally manipulate 
the immune response to suppress immune-mediated 
inflammatory diseases. The finding that the ocular 
microenvironment may induce activation of Th3 cells is 
an indication that the induction of such regulatory T 
cells may be a normal physiological occurrence within 
the eye and that failure of the ocular microenvironment 
to maintain induction of autoreactive Th3 cells could 
make it susceptible to autoimmune disease. 
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EXAMPLE III 

MATERIALS 6 METHODS 
Reagents and Animals 

5 The experiments used synthetic a-MSH (Peninsula 

Laboratories, Belmont, CA) ; recombinant TGF-02 and 
soluble TGF-(J receptor type-two (R&D Systems, 
Minneapolis, MN) ; the following monoclonal antibodies: 
anti-CD4 (RM4-4), anti-CD25 (IL-2-receptor-a; 7D4) and 

10 anti-CD3e (145-2C11) (Pharmingen, SanDiego, CA) . B10.RIII 

(Jackson Laboratories Bar harbor, ME) and BALB/c 
(institute breeding program) female mouse strains 4 to 8- 
weeks-old were treated with approval by the institutional 
animal care and use committee in accordance with the US 

15 Animal Welfare Act. 

a-MSH treatment of in vitro primed T cells. 

In vivo primed T cells were obtained from the 
draining popliteal lymph node of BALB/c mice immunized 

20 via a cutaneous foot injection with 0.5 mg desiccated 

Mycobacterium tuberculosis (Difco, Detroit, MI). The T 
cells were enriched to be about, 99% CD3 + by flow 
cytometry analysis, using a mouse T cell enrichment 
column (R&D Systems) . Into the wells of a 96-well plate 

25 were added 100 pi of T cells (4 x 10 6 cells/ml), .50 pi 

of diluted a-MSH and 50 pi of anti-CD3e (1 pg/ml) in 
serum-free culture media. The cultures were incubated 
for 48 hours and the culture supernatants were assayed 
using sandwich enzyme linked immunosorbent assays 

30 (ELISA) for IFN-y, IL-'* and IL-10 as described in 

Example II. Total TGF-p was assayed using the standard 
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CCL-64 bioassay. 26 The serum-free culture media 7 was 
RPMI 1640 (BioWittaker, Walkerville, MD) , 1/75 dilution 
of sterile 7.5 % BSA solution (Sigma Chemical, St. 
Louis, MO), 1/500 dilution of ' ITS+' solution 
5 (Collaborative Biomedical Products, Bedford, MA) . For 

assaying proliferation the T cell cultures were 
initially incubated for 24 hours and 20 pi of 50 pCi/ml. 
of 3 H-thymidine (NEM, Boston, MA) was added to the wells 
and the cultures were incubated for an additional 24 

10 hours. The cells were collected onto glass-wool filter 

paper using a Tomtec Plate Harvester 96 and radiolabel 
was measured using a Wallac 1205 Betaplate Liquid 

~. — Scintillation _Co unte r. 

15 Fluorescence-Activated Cell Sorting. 

For immunostaining and flow cytometry, T cells (2 x 
10 6 cells) from 24 hour cultures of the a-MSH-treated 
activated T cells. The cells were centrifuged and washed 
once in PBS/BSA buffer (10 mM PBS, 3% BSA) . The cells 

20 were resuspended in 50 pi of PBS/BSA buffer containing 2 

\ig of PE-conjugated anti-CD4 and FITC-con jugated anti- 
CD25 antibodies and incubated for 30 minutes room 
temperature. The cells were centrifuged, resuspended in 
1 ml of PBS/BSA buffer, and washed two times. The 

25 stained cells were sorted by a Coulter ELITE cell sorter 

calibrated for two color fluorescence. The cells were 
sorted into two populations, CD25 + /CD4 + cells and the 
remaining cells (CD4~ plus CD25~CD4 + cells). Sorted' 
cells were used immediately in culture experiments. 

30 

Assay For In Vitro Regulatory T Cell Activity. 

The a-MSH-treated, TCR-stimulated T cells, as 
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described above, were cultured for 48 hours. The cells 
were collected and added (2 x 10 5 cells) to cultures of 
freshly isolated enriched inflammatory T cells (2 x 10 5 
cells) activated with anti-CD3e (1 pg/ml) . The mixed 
5 cell cultures were incubated 48 hours and the culture 

supernatants were assayed for IFN-y by sandwich ELISA. 

a -MS H -Treatment of Experimental Autoimmune Uveitis (EAU) . 

EAU was induced by immunizing B10.RIII mice with 

10 50pg of human interphotoreceptor retinoid binding protein 

peptide (161-180; IRBPp) emulsified in complete Freund ! s 
adjuvant contain-i-ng 2.G rug/mi of Mycobacterium 
tuberculosis H37R A. B27 T h e retinal inflammation was 
clinically assessed every 3 days starting 6 days after 

15 the immunization. Some mice received an i.v. injection of 

50 pg of a-MSH 10 days and 12 days after the 
immunization. Funduscopic examinations of the retina were 
done on eyes topically treated with 0.5% Tropicamide and 
Neo-Synephirine saline to dilate the pupil. The severity 

20 of inflammation was clinically graded on a 0 to 5 scale. 

No inflammation was scored 0, only white focal lesions of 
vessels were scored 1, linear lesions of vessels within 
the half of retina were scored as 2, linear lesions of 
vessels over half of retina were scored as 3, severe 

25 chorioretinal exudates or retinal hemorrhages in addition 

to the vasculitis were scored as 4, and subretinal 
hemorrhage or retinal detachments were scored as 5. 
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EXAMPLE III RESULTS 



a-MSH suppression of EAU. 

Previously, Lipton and colleagues showed that 
systemic injections of a-MSH suppressed localized 
inflammation mediated by innate immune responses induced 
by IL-1 and endotoxin. B15, B17-B19 The results of 
preceding Example II show that a-MSH suppresses the 
activation of inflammatory T cells and promotes the 
activation of TGF-p producing T cells in the ocular . 
microenvironment. Therefore, the experiments of Example 
-III we. re undertaken to examine whether or not systemic 
injections of a-MSH could suppress experimental 
autoimmune uveitis (EAU) in mouse eyes. Mice were 
immunized to induce EAU as previously described. At the 
peak of retinal inflammation (Day 11), the experimental 
mice each received two injections of a-MSH (50 ug/mouse) , 
on days 10 and 12 (Figure 14). Figure 14 shows the mean 
uveitis score in a-MSH-treated and untreated mice 
afflicted with experimental autoimmune uveitis (EAU) . 
Suppression of EAU was achieved by intravenous injections 
of a-MSH. BIO. Rill mice were immunized with IRBPp to 
induce EAU. Five mice were injected with 50 ug of a-MSH 
i.v. on Days 10 and 12, respectively, (□, A) and five 
mice did not receive a-MSH injections (♦) . The data are 
presented as the mean uveitis score of each mouse. 
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The mean uveitis score was markedly suppressed in 
the experimental mice each injected with a-MSH, compared 
to the untreated, control mice. In one case (Figure 14, 
A), where the uveitis was mild (score 2 on day 11), the 
injection of a-MSH completely resolved the inflammation 
(score 0 on day 17) . This demonstrates that by elevating 
the systemic levels of a-MSH, localized T cell-mediated 
inflammation can be suppressed. 

ct-MSH-Regulates T cell Lymphokine Production 

Given the findings in Example II that a-MSH mediates 
induction of TGF-p-producing T cells, and an earlier 
report that showed that a-MSH suppresses induction of 
IFN-y, b11 the lymphokine profile of T cells activated in 
the presence of a-MSH, was examined to see if a-MSH 
influences production of other lymphokines (Table 1) . 
Enriched, primed T cells were stimulated with anti-CD3e 
in the presence of 30 pg/ml of a-MSH, and incubated for 
48 hours. The concentration of a-MSH used in these 
experiments was the mean concentration of a-MSH levels 
constitutively found in the fluids of aqueous humor and 
cerebral spinal fluid of mammals . B7 ' 828 Alternatively, 
a-MSH can be provided in an amount sufficient to give a 
final concentration of a-MSH of about 30pg/ml in situ. 
The culture supernatants were assayed for IFN-Y/ IL-4, 
IL-10, and TGF-p. . a-MSH significantly suppressed IFN-y 
production; however, enhanced TGF-p production and had no 
effect on proliferation (Table 1). In addition, a-MSH 
suppressed production of IL-10 but not IL-4 by the 
activated, primed effector T cells (Table 1). This 
lymphokine profile favored by a-MSH-treated T cells 
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suggests that a-MSH induces activation of regulatory T 
cells 829 " 833 , while suppressing inflammatory, effector T 
cell activity. 

Table 1. Effects of a-MSH on primed T cells activated 
with anti-CD3£. 

Cytokine (pg/ml)' : Proliferation 

Treatment IFN-y IL-4 IL-10 TGF-JJ T (CPM) 5 

49 ± 14 40171 ± B99 

248 ± 73* 38526 ± 1224 



1 ± 3* 864 ± 235* 



1. Primed T cells were stimulated with anti-CD3e in the presence of 

30 pg/ml of a-MSH. 

2. Culture supernatant (48 hours after treatment) were assayed for 

cytokines by ELISA for IFN-y, IL-4, IL-10, and by bioassay for 
TGF-(S . Data presented as mean ± SEM of 4 independent 
experiments each. 

3. Cell cultures were treated with 3 H-thymidine 24 hours after start 

of assay and incubated for an additional 24 hours before 
scintillation-counting of the cells. Data presented as counts 
per minute (CPM) ± SEM of 4 independent experiments. 

* Significantly different (p ^ 0.05) to primed T cells treated with 

only anti-CD3e. 

a-MSH Induces Regulatory T cells 

To confirm that a-MSH induces the activation of 
regulatory T cells, the ability of these T cells to 
suppress the activity of other, inflammatory T cells was 
investigated. a-MSH-treated cells were mixed with freshly 



anti-CD3c 

only 1262 t 132 267 ± 22 61 ± 14 



anti-CD3e . ft0 .9 + .44* 21.4 A 63 21 ± 9* 

+ a-MSH 1 



-anti- • • • • - 

206 + 1* 155 ±78 1 ± 1* 

CD3e 
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activated T cells, which normally produce IFN-y (i.e., 
are effector T cells primarily of the Thl type) , and 
assayed the cultures for IFN-y production (Table 2) . The 
freshly activated T cells were significantly suppressed 
in their production of IFN-y by co-culture with unsorted 
a-MSH-treated T cells (Table 2) . This observation 
corresponds with the Example II findings that a-MSH- 
treated T cells can suppress DTH. The addition of 
soluble TGF-p receptor II (sTGF-fJRII) to the culture, 
significantly neutralized the unsorted a-MSH-induced 
regulatory T cell suppression of IFN-y production by 
freshly activated T cells (Table 2) . Therefore, the TGF-p 

produced by _a-MSH-induced regulatory T cells is 

sufficient to suppress I FN- y production by other, 
effector T cells (e.g., Thl cells). . 

To see if a specific subtype of primed T cells is 
induced by a-MSH to express regulatory activity, the a- 
MSH-treated T cells were stained for expression of CD4 , a 
marker for the T helper (Th) cell subset, and the IL-2 
receptor-alpha (CD25) , a marker of T cell activation. 
The CD25-expressing CD4 * cells (CD25+/CD4+ T cells) were 
sorted out by fluorescence-activated cell sorting and 
added to cultures of freshly activated, antigen-primed T 
cells (i.e., activated without any a-MSH) . The 
immunosuppressive activity was associated with the CD25 
expressing CD4 cells and not with other cells in. the 
primed T cell population (Table 2) . This finding 
indicates that a-MSH induces activation of regulatory CD4* 
T cells that suppress inflammation mediated by other T 
cells. 
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Table 2. Effects of adding a-MSH-treated T 
cells into cultures of freshly activated, 
primed effector T cells. 



Added a-MSH-Treated Cells 1 


IFN-y 


(pg/ml) 2 


None 




153 


± 3 


Unsorted Cell 




.43 


± 7*t 


Unsorted Cell + sTGF-pRII 3 




130 


± 47t 


CD25* CD4 + cells 4 




46 


± 30* 


CD4~ and CD25" CD4 + cells 4 




175 


± 5 



1. Cells were added to cultures containing fresh primed 

T cells and anti-CD3e. 

2. Supernatants were assayed for IFN-y 48 hours after 

addition of oc-MSH treated cells. Data presented as 
mean ± SEM of 4 independent experiments. 

3. Soluble TGF-p receptor type II (sTGF-pRII; 0.5 pg/ml) 

was added to the culture with the unsorted or-MSH 
treated T cells. 

4. Primed T cells anti-CD3e stimulated in the presence 

of ct-MSH for 24 hrs were stained and sorted by 

fluorescent activated cell sorting. 
♦Significantly different (p £ 0.05) to cultures with no 

added cells (None) . 
t Significantly different (p < 0.05). 



DISCUSSION OF EXAMPLE III 

The preceding results demonstrate that the 

neuropeptide a-MSH mediates the induction of TGF-(J- 

producing T cells. The lymphokine profile of a-MSH- 
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treated primed T cells is immunosuppressive instead of 
pro-inflammatory. Therefore, the suppression of 
autoimmune uveitis appears to be due to a-MSH suppressing 
production of inflammatory lymphokines by activated 
autoreactive T cells while inducing activation of 
regulatory T cells. The Example II results demonstrated 
that such a-MSH-treated T cells suppress antigen-specific 
DTH in vivo through by-stander suppression.. This 
observation suggested that a-MSH regulation is mediated 
through non-antigen specific mechanisms, such as a 
cytokine. The results shown in Tables 1 and 2 
demonstrate that it is at least through the product: ion of 
TGF-p that a-MSH-treated T cells mediate 
immunosuppression. Therefore, a-MSH induces activation 
of regulatory T cells that can mediate regional 
immunosuppression by producing soluble immunosuppressive 
factors. 

These results also indicate that if the 
concentration of a-MSH is sufficiently elevated either 
systemically or regionally, then immunogenic inflammation 
should be suppressed. Along with mediating the 
suppression of inflammatory T cells and inducing 
immunosuppressive lymphokine production, a-MSH also 
directly antagonizes IL-1, TNF, and IFN-y-inf lammatory 
activities. In addition, the lymphokines produced by the 
a-MSH-induced, CD25+ / CD4+ regulatory T cells have, the 
potential to suppress inflammatory macrophage 
activities. 534 ^ 835 Therefore, the suppression of" 
autoimmune disease seen in Figure 14 probably results 
from the general anti-inflammatory activity of a-MSH 
(i.e., against innate immunity), along with the effects 
of a-MSH on activated T cells. There is also the 
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potential that regulatory T cells have been induced by 
the systemic injections of a-MSH. 

The results presented here further suggest that a- 
MSH has a physiological role in regulating inflammatory 
5 immune responses. Its activity within a localized tissue 

site can regulate the intensity and duration of a T cell- 
mediated inflammatory response, and possibly, through 
induction of regulatory T cells, can also affect whether 
immunogenic inflammation can occur at all (i.e. induce 
10 tolerance) . In immune-privileged eyes, there is normally 

a constitutive presence of a-MSH. B7 Since the ocular 
microenvironment has adapted several mechanisms to 
prevent induction of inflammation, a-MSH may potentially 
affect immune cells in the eye more so than in other 

15 tissue sites. It is likely that within the normal ocular 

microenvironment, a-MSH mediates induction of TGF-p- 
producing, CD25+/CD4+ regulatory T cells that in turn 
mediate peripheral tolerance to ocular autoantigens . 
Therefore, the ability of a-MSH to selectively regulate 

20 the expression of lymphokines in activated T cells means 

that a-MSH can regulate the induction, intensity, and 
type of immune response that occurs in a regional tissue 
site. 

The suppression of DTH by adoptive transfer of a- 
25 MSH-induced, antigen-primed regulatory T cells, shown in 

Example II, suggests that such regulatory T cells-, if 
primed by an autoantigen, would suppress induction of 
inflammatory, T-cell-mediated autoimmune disease. Such" 
autoreactive, regulatory T cells would only be activated 
30 in sites where their autoantigen is presented. Through 

their production of immunosuppressive lymphokines, these 
CD25+/CD4+, TGF-p-producing T cells would down-regulate 
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or suppress the activation of nearby, autoreactive 
inflammatory T cells. Such regulation could occur either 
in the periphery or within a draining lymph node. It is 
to be seen where a-MSH-induced regulatory T cells migrate 
in vivo. 

The present work has demonstrated the importance of 
the neuropeptide a-MSH in regulating the adaptive immune 
response, i.e., inflammation mediated by T cells. a-MSH 
selectively regulates the production of lymphokines by 
activated effector T cells. This selective 

immunoregulation by a-MSH has an important role in 
maintaining immunogenic homeostasis through suppression 
qf_ inflammation^ (both innate and T cell-mediated) and 
possibly through tolerance of autoantigens . It also 
supports the use of a-MSH 1 s immunosuppressive activities 
to treat autoimmune diseases. 

USES 

As supported by the preceding experimental results 
and discussions thereof, the invention encompasses a 
method for generating antigen-specific regulatory T cells 
that can down-regulate or suppress adaptive immune- 
mediated inflammation, namely inflammatory responses 
mediated by activated, primed effector T cells generally 
of the Thl subclass. In particular, the method generates 
regulatory T cells that have a CD4 + /CD25 + phenotype and 
that produce Transforming Growth Factor (J (TGF-P) , which 
suggests that they are Th3-like cells. 

■ In one aspect, the regulatory T cell-generating 
method comprises exposing CD3-enriched, primed T cells to 
a specific, presented antigen in the presence of antigen- 
presenting cells (APC) and the presence of a composition 
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comprising an effective amount of alpha-Melanocyte 
Stimulating Hormone (a-MSH) or an a-MSH receptor-binding 
portion thereof. In another aspect, the regulatory T 
cell- generating method comprises exposing CD3-enriched, 
primed T cells to a T cell receptor-crosslinking agent in 
the presence of a composition comprising an effective 
amount of alpha-Melanocyte Stimulating Hormone (a-MSH) or 
an a-MSH receptor-binding portion thereof. 

The a-MSH receptor-binding portion comprises lysine- 
proline-valine, which represents amino acid residues 11- 
13 of a-MSH. An effective amount of a-MSH or an a-MSH 
receptor-binding portion thereof is an amount sufficient 
to produce an in situ concentration of intact a-MSH in 
the range of about 20-100 pg/ml, preferably about 30 
pg/ml or a molar equivalent amount of an a-MSH receptor 
binding portion of a-MSH, in the immediate vicinity of 
the primed T cells during the first exposing step. 

Either method optionally further comprises, 
approximately 4-6 hours after the first exposure step has 
begun (i.e., the exposure of the primed T cells to a T 
cell activation signal in the presence of a-MSH or 
binding portion thereof), exposing the primed T cells to 
an effective amount of TGF-02. The TGF-02 enhances the 
a-MSH' s induction of TGF-p-producing, CD4+/CD25+, 
regulatory T cells. An effective amount of TGF-(i2 is an 
amount sufficient to produce an in situ concentration in 
the range of about 1-10 ng/ml, preferably about 5 ng/ml,. 
in the immediate vicinity of the primed T cells. 

The composition comprising a-MSH or a binding 
portion thereof, may further include TGF-p2 in a timed- 
release delivery vehicle designed to release the TGF-02 
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approximately 4-6 hours after the start of the incubation 
of the primed T cells with the T cell activation signal 
(e.g., APOpresented antigen or TCR-crosslinking agent) 
in the presence of the a-MSH-comprising composition. 
5 The "specific antigen" used in the invention is an 

antigen recognized by the CD3-enriched, primed T cells, 
and should be one that is presented to the T cell by an 
antigen-presenting cell. 

In general, primed T cells are understood to be T 

10 cells that have previously been exposed to a specific 

antigen under conditions producing at least one "armed" 
or "memory" T cell clone or subset that specifically 
recognizes that antigen and mounts an immune response 
triggered by engagement of the T cell receptor with that 

15 antigen as presented by an antigen-presenting cell. 

Primed T cells can be derived in vivo, by harvesting them 
from an animal immunized with the specific antigen. 
Primed T cells can also be produced in vitro, by methods 
well known in the art, such as culturing naive T cells in 

20 vitro with the specific antigen and with other 

lymphocytes, antigen presenting cells, cytokines, in 
culture conditions known to stimulate or generate memory 
effector T cells that specifically recognize and respond 
to that antigen. Alternatively, "primed T cells" can be 

25 stimulated by crosslinking of the T cell receptors by 

antibodies (e.g., anti-CD3) or T cell mitogens, such as 
Concanavalin-A (Con-A) , Pokeweed mitogen (PWM), or 
Phytohemagglutinin (PHA) . 

Therefore, the regulatory T cell-generating method 

30 can also include, prior to exposing primed T cells to a- 

MSH and/or TGF-p2, " stimulating the T cells with an 
antigen and incubating T cells with an anti-T cell 
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receptor antibody or a T cell mitogen to activate the 
primed T cells. 

Generation of regulatory T cells according to the 
invention, may be done by culturing primed T cells, the 
5 specific antigen, a-MSH (with or without later addition 

of TGF-p2), and appropriate T-cell culture media in 
vitro. Alternatively, generation of antigen-specific 
regulatory Th3 cells may be achieved by in vivo exposure 
of primed T cells to the specific antigen in the presence 

10 of a-MSH, with or without addition of TGF-02 

approximately 4-6, preferably about 4, hours after the 
start of exposure of the primed T cells to the specific 
antigen and the - a-MSH . For instance, — a= composition 
comprising at least a-MSH, preferably both a-MSH and TGF- 

15 P2, and the specific antigen to be recognized by the 

desired TGF-f3-producing, CD4 + /CD225+, regulatory T cells, 
may be introduced (e.g., by injection or surgical 
implantation) into an animal previously immunized with 
.that same specific antigen. (Hence, the immunized animal 

20 will have T cells primed to that antigen.) Preferably, 

the antigen and a-MSH-containing composition are 
introduced into a localized tissue site (e.g., within an 
eye, a brain, or a transplant site) . Alternatively, 
antigen-primed T cells may be introduced into the animal 

25 along with the specific antigen and a composition 

comprising a-MSH or a-MSH plus TGF-p2. 

Another aspect of the invention encompasses a method 
for down-regulating or suppressing an T cell-mediated 
inflammation, such as in an autoimmune or a graft 

30 rejection response, particularly in a localized tissue 

site in an animal. Specifically, this method comprises 
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the following steps conducive to generating regulatory 
Th3 cells, i.e., CD4* / CD25 + T cells that produce TGF-|32: 

(a) harvesting T cells from the animal; 

(b) producing primed T cells by exposing the 
harvested T cells in vitro to a specific 
antigen under conditions enabling stimulation 
of at least one memory T- cell that specifically 
recognizes said antigen; 

(c) exposing the primed T cells in vitro to a 
specific antigen in the presence of a 
composition comprising alpha-Melanocyte 
Stimulating Hormone (cc-MSH) , and in the 

_____ presence of at least one T cell __activating 
factor, namely a T cell receptor-crosslinking 
agent (e.g., an anti-TCR antibody or a T cell 
mitogen) ; and 

(d) introducing into an animal (e.g., by injection 
or implantation), the T cells generated from step 
.(c) (which comprise CD4+ CD25+ regulatory T cells) 

The methods or generating regulatory Th3 cells and 
of regulating T cell-mediated inflammation, may be used 
to treat autoimmune disorders, e.g., autoimmune uveitis, 
in humans and other animals, such as. The methods of the 
invention may also be used in conjunction with 
transplantation, to suppress or to keep in check, • host 
immune responses responsible for graft rejection. 

In • all methods of the invention, the a-MSH- 
containing composition comprises a-MSH preferably in a 
concentration lying within the range of about 30-100 
pg/ml . A preferred embodiment of the method uses a-MSH 
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a sufficient concentration to provide an in situ 
-entration of at least about 30 pg/ml in the localized 
sue site in which generation of regulatory Th3 cells 
desired, i.e., in the immediate vicinity of the a-MSH- 
ated, primed T cells. For instance, in the case of 
ating a self-contained, small site, e.g., an eye, it 
be sufficient to use a composition comprising a-MSH 
i concentration of about 30 pg/ml. 

When primed T cells are exposed to the specific 
.gen and a composition comprising both a-MSH and TGF- 
the TGF-P2 is present in the composition in a timed- 
=ase delivery vehicle, preferably in a concentration 
-iin the range of about 1-10 ng/ml. "More preferably;-^ 
-f}2 is used in a concentration effective to achieve a 
,1 concentration of about 5 ng/ml within the local 
-ronment of the primed T cells. 

Conditions suitable for T cell culture are well- 
•n in the art. For instance, the conditions could 
ude culturing the a-MSH-treated, primed T cells in 
11 culture medium, preferably a substantially serum- 
one. The treated T cells are typically incubated at 
t 37°C, for an incubation period within the range of 
t 18-24 hours, more preferably about 24 hours, 
plary conditions may be found in preceding 
pies I, II, and III. 

The invention also encompasses a kit for generating 
gen-specific regulatory T cells, thereby regulating 
11-mediated inflammation, comprising: (a) a specific 
gen; (b) a-MSH; and (c) an article of manufacture 
rising instructions on how to use components (a) and 
zo generate TGF-p-producing, CD4+/CD25+, regulatory T 
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Yet another method for down-regulating an autoimmune 
response in a tissue site in an animal, comprises: 

(a) harvesting a tissue sample from the tissue 

site; 

(b) transfecting the harvested tissue sample with 
genetic material for expressing a-MSH; and 

(c) implanting the transfected tissue sample into 
the animal. 

In terms of gene therapy applications, one may also 
control an autoimmune disorder or suppress host-versus- 
graft rejection by transfecting a cell with genetic 
material coding for an antigen that also contains t-he ct- 
MSH tripeptide of lysine-proline-valine that is involved 
in binding to the a-MSH receptor. Insertion of such 
genetic material could mediate both antigen stimulation 
of the primed T cell and a-MSH-mediated induction of 
regulatory T cells. 

One of ordinary skill in the art will appreciate 
that the preceding gene therapy protocols may be 
practiced using known transfection techniques, including 
episomal or chromosomal transfection. 

While the present invention has been described in 
conjunction with certain preferred embodiments, one of 
ordinary skill in the art, after reading the foregoing 
specification, will be able to effect various changes, 
substitutions of equivalents, and other alterations to 
the compositions and methods set forth herein, without 
departing from the spirit of the invention. It is- 
therefore intended that the protection granted by 
Letters Patent hereon be limited only by the definitions 
contained in the appended claims and equivalents 
thereof. 
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amount of TGF-02 is an amount sufficient to produce an in 
situ TGF-P2 concentration that lies within the range of 
approximately 1-10 ng/ml in the immediate vicinity of the 
primed T cells during the exposing step. 

5 

15. The method of claim 3 or 8, wherein the effective 
amount of TGF-02 is an amount sufficient to produce an in 
situ TGF-32 concentration of approximately 5.0 ng/ml in 
the immediate vicinity of the primed T cells during, the 

10 exposing step. 

16. The method of claim 1, 2, 3, 7, or 8, wherein the a- 

. MSH receptor-binding portion- thereof comprises lysine- 
proline- valine. 

15 

17. The method of claim 1, 2, 7 or 8, wherein the 
exposing step comprises incubating the T cells in vitro 
with the specific antigen and the composition at 
approximately 37°C / for a period within the range of 

20 approximately 18-24 hours, in substantially serum-free 

T cell culture conditions. 

18. The method of claim 17, wherein the substantially 
serum-free T cell medium includes RPMI 1640, an 

25 approximately 500-fold dilution of ITS+ solution and 

approximately 0.1% bovine serum albumin. 

19. The method of claim 5, 7, 24, 25, or 26, wherein the 
animal is a human, a mouse, a rat, a dog, a cat, a 

30 rabbit, or a horse. 
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29. A method of down-regulating or suppressing an 
autoimmune disorder or a graft rejection response in an 
animal by transfecting a cell within the animal with 
genetic material' coding for an antigen that also 

5 comprises lysine-proline-valine. 

30. The method of claim 24 , 26, or 29, wherein the 
transfecting step is performed using an* episomal 
transfection technique. 

0 

31. The method of claim 24, 26, or 29, wherein the 
transfecting step is performed using a chromosomal 
transfection technique. _ 
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